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Abstract  
 
Evidence suggests that young adults frequently participate in meal 
skipping and snacking eating patterns. Both patterns are associated with chronic 
disease risk factors, including increased central adiposity and insulin resistance. 
There is however little research examining the correlates of meal skipping and 
snacking in young adults. Understanding correlates of eating patterns provides 
evidence for future public health messages and interventions.  
This thesis aims to make a unique contribution to the body of research 
surrounding eating patterns by examining the correlates of meal skipping and 
snacking in young adults aged 18-30 years. To achieve this aim, four studies were 
conducted and reported within this thesis.  
- Study One explains the development and evaluation of a novel 
Smartphone application (FoodNow) used to measure dietary intake, eating 
patterns and their associated contextual information.  
-Study Two is a qualitative study exploring the self-reported correlates of 
meal skipping and snacking.  
- Study Three quantitatively examines the correlates of meal skipping (any 
meal), breakfast, lunch and dinner skipping.  
- Study Four quantitatively examines the correlates of snacking frequency. 
Evaluation of the Smartphone app is outlined in Chapter Three of this 
thesis, and involved 90 young adult participants aged 18-30 years recruited from 
Victoria, Australia. This study evaluated a purpose designed Smartphone app 
(FoodNow) designed to measure dietary intake, eating patterns and contextual 
information surrounding eating occasions using an objective measure of energy 
expenditure. Energy intake measured by the Food Now app correlated highly with 
the energy expenditure measured by the SenseWear armband. Results from this 
study suggest that the FoodNow app is a suitable method of real-time assessment 
of dietary intake.  
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Chapter Four of this thesis describes a qualitative study, which explored 
the self-perceived correlates of meal skipping and snacking. The sample (n=22) 
was purposely recruited to vary in age, sex and living situation. Semi-structured 
one-on-one interviews were used to explore factors that influence meal skipping 
and snacking eating patterns. Meal skipping was reported by 86% of the sample, 
with breakfast the most commonly skipped meal. Reasons for skipping breakfast 
included, time, availability, lack of hunger, emotions, habit and the day of the 
week. All participants reported snacking daily, which was reported to be 
influenced by time, availability, lack of hunger, emotions, habit, cost, health, taste, 
social company, day of the week and location. Results from this study were used 
to inform the development of a questionnaire items used in the subsequent study 
chapters.  
The results presented in both Chapter Five and Six are analyses of the 
MEALS Study. The MEALS Study was conducted in April 2015-April 2016 and 
recruited 727 young adults aged 18-30 years from Victoria, Australia. Participants 
completed an online questionnaire followed by a four day food diary reporting all 
eating occasions using the FoodNow app. Results presented in Chapters Five and 
Six are the first studies to measure eating patterns via this novel real-time dietary 
assessment method (FoodNow app), using multiple days of dietary intake data.  
The analysis conducted in Chapter Five explored the correlates of meal 
skipping in young adults. Analysis for this study was conducted on 494 young 
adults who had complete data from both the questionnaire and the FoodNow 
app. Participants were categorised according to their meal skipping behaviours 
e.g. meal skipper (any meal), breakfast skipper, lunch skipper and dinner skipper. 
Meal skipping (any meal) was associated with education status, weight control, 
self-efficacy and relationship status. The correlates reported for each meal 
skipping category varied suggesting future public health messages targeting meal 
skipping behaviours need to target interventions at specific meal skipping 
behaviours.  
The analysis in Chapter Six examined the correlates of snacking frequency 
in young adults. Analysis for this study was conducted on 557 young adults who 
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had complete data from both the questionnaire and the FoodNow app. Those 
born outside of Australia snacked more frequently compared to those born in 
Australia, while increased snacking frequency was also associated with a higher 
general nutrition knowledge and participation in screen-based activities. The 
correlates identified within this study were mostly modifiable (general nutritional 
knowledge and screen-based activities) and may be targeted in interventions and 
public health messages aimed at reducing snacking frequency in young adults.  
This thesis expands the existing knowledge surrounding the correlates of 
meal skipping and snacking in young adults aged 18-30 years. The correlates 
identified within this thesis provide valuable information to inform future, larger 
scale interventions targeted at the measurement or prevention of these eating 
patterns in young adults. Future research that examines the correlates of meal 
skipping needs to acknowledge that the correlates of a specific meal skipping may 
vary to those of another meal. Future research should also explore the correlates 
of both ‘healthy’ and ‘unhealthy’ snacking behaviours in addition to snacking 
frequency. Moreover, this thesis has resulted in an updated method of dietary 
assessment for use in young adults. This tool can be used as a measure of energy 
occasions, whilst collecting additional contextual data surrounding eating 
occasions. However, further work is required to evaluate the use of this novel 
dietary assessment method in other population groups.  
  
 xv 
 
List of Tables 
 
Table 2.1 Correlates of meal skipping and snacking grouped according 
to the social-ecological framework  
 
28 
Table 2.2 Commonly used dietary assessment methods 32 
Table 2.3 Comparison of dietary assessment methods which have used 
doubly labelled water as their reference method 
 
45 
Table 3.1 Amendments made to the FoodNow app and its resources 57 
Table 3.2 Characteristics of the young adult participants (n=90) 66 
Table 3.3 Number and distribution of reporting days (n=90) 67 
Table 3.4 Demographic characteristics of under-reporters, adequate 
reporters, over-reporters and participants who were 
excluded from analysis (n=90) 
 
 
68 
Table 3.5 Number of eating occasions across under, over and 
adequate energy intake reporters (n=77) 
 
70 
Table 4.1 Qualitative interview content assessing eating patterns in 
young adults 
 
84 
Table 4.2 Characteristics of the young adult participants (n=22) 88 
Table 4.3 Emerging influences and how they are grouped according to 
the social-ecological model 
 
89 
Table 5.1 List of measures and responses considered as potential 
correlates of meal skipping in young adults grouped 
according to the social-ecological framework  
 
 
119 
Table 5.2 Socio-demographic and health behaviour characteristics of 
the young adult participants (n=700) 
 
124 
Table 5.3 Cross classification of participants according to meal skipping 
group1 
 
126 
Table 5.4 Potential correlates of meal skipping of the total sample, 
non-meal skippers and meal skippers (any meal, breakfast, 
 
129 
 xvi 
 
lunch or dinner) grouped according to the social-ecological 
framework 
Table 5.5 Multi-variable adjusted odds ratio and 95% CI of meal 
skipping (any meal) according to participant characteristics 
from the individual, social-environmental and physical-
environmental domains (n=40) 
 
 
 
133 
Table 5.6 Multi-variable adjusted odds ratio and 95% CI of breakfast 
skipping according to participant characteristics from the 
individual, social-environmental and physical-environmental 
domains (n=67) 
 
 
 
134 
Table 5.7 Multi-variable adjusted odds ratio and 95% CI of lunch 
skipping according to participant characteristics from the 
individual, social-environmental and physical-environmental 
domains (n=54) 
 
 
 
135 
Table 5.8 Multi-variable adjusted odds ratio and 95% CI of dinner 
skipping according to participant characteristics from the 
individual, social-environmental and physical-environmental 
domains (n=41) 
 
 
 
136 
Table 6.1 List of the measure and responses considered as potential 
correlates of snacking in young adults groups according to 
the social-ecological framework  
 
 
157 
Table 6.2 Characteristics of the young adult participants (n=557) 164 
Table 6.3 Energy content of each eating occasion 165 
Table 6.4 Frequency and energy content of main meals and snacks 165 
Table 6.5 Frequency and energy content of eating occasions, main 
meals and snacks according to specific eating contexts 
collected by the FoodNow Smartphone app 
 
 
167 
Table 6.6 Multi-variable adjusted odds ratio and 95% CI of snacking 
frequency according to participant characteristics from the 
individual, social-environmental and physical-environmental 
domains (n =557) 
 
 
 
169 
 xvii 
 
List of Figures 
 
Figure 2.1 A schematic of the components of eating patterns 5 
Figure 2.2 Social-ecological framework (63) 15 
Figure 3.1 Flow diagram of the FoodNow app pilot study (Group A) 55 
Figure 3.2 Flow diagram of the FoodNow app evaluation study (Group B) 58 
Figure 3.3 Examples of food images and the fiducial marker 60 
Figure 3.4 Equation used to calculate level of misreporting from the 
FoodNow app (138) 
 
65 
Figure 3.5 Flow diagram of the evaluation study (n=90) 69 
Figure 3.6 Scatter plot between measured energy intake from the 
FoodNow app and estimated energy intake from the 
SenseWear armband with regression line (n=56) 
 
 
71 
Figure 3.7 Bland-Altman plots between the mean estimated energy 
intake and the difference in estimated energy intake from the 
FoodNow app and measured energy expenditure from the 
SenseWear armband in young adults (n=56) 
 
 
 
72 
Figure 3.8 Scatter plot between measured energy intake from the 
FoodNow app and estimated energy intake from the 
SenseWear armband with regression line (n=77) 
 
Figure 3.9 Bland-Altman plots between the mean estimated energy 
intake and the difference in estimated energy intake from the 
FoodNow app and measured energy expenditure from the 
SenseWear armband in young adults (n=77) 
 
Figure 5.1 Flow diagram of the analytical sample – Meal skipping (n=727) 125 
Figure 6.1 Flow diagram of the analytical sample – Snacking (n=727) 163 
 
  
 xviii 
 
List of Abbreviations 
 
AR – Adequate reporters  
ANOVA – Analysis of variance 
AUSNUT – Australian Food and Nutrient database 
BMI – Body mass index 
CI – Confidence interval 
COREQ – Consolidated criteria for reporting qualitative research 
CVD – Cardiovascular disease 
DIFR – Digital image-based food record 
DLW – Doubly-labelled water 
e-DIA – Electronic dietary assessment 
EEI – Estimated energy intake 
EE – Energy expenditure 
EI – Energy intake 
EMA – Ecological momentary assessment 
FFQ – Food frequency questionnaire 
GPS - Global positioning systems  
HDL – High density lipoprotein 
ICC – Intra-class correlation coefficient 
IPAN – Institute for Physical Activity and Nutrition  
LDL – Low density lipoprotein 
MEALS – Measuring EAting in everyday Life Study 
MEE – Measured energy expenditure 
MDRF – Mobile device food record 
 xix 
 
MMM – My Meal Mate 
MTFR – Mobile telephone food record 
NuDAM – Nutricam dietary assessment method 
OR – Over-reporters 
PDA – Personal digital assistant 
PFRM – Photographic food record method 
PRISMA – Preferred reporting items for systematic reviews and meta-analysis 
RFPM – Remote food photography method 
SD – Standard deviation 
SEIFA – Socio-economic status determined by post code 
SNaQ – Selected Nutrient and diet quality 
SWA – SenseWear Armband 
TECH – Tool for energy balance in children 
TV – Television 
UK – United Kingdom 
UR – Under-reporters 
USA – United States of America 
 
 
  
 xx 
 
List of Appendices 
 
Appendix 2A. Correlates of meal skipping in young adults: a systematic 
review 
 
223 
Appendix 2B. Dietary assessment methods used within the literature 258 
Appendix 3A. Evaluation of a smartphone food diary application using 
objectively measured energy expenditure 
 
261 
Appendix 3B. Pilot study – Pre-testing and development of the 
FoodNow app 
 
291 
Appendix 3C. Pilot study – Plain language statement and consent form 298 
Appendix 3D. Pilot study – Process evaluation questionnaire 304 
Appendix 3E. Recruitment methods 310 
Appendix 3F. Evaluation study – Plain language statement and 
consent form 
 
314 
Appendix 3G. Evaluation study – Questionnaire 321 
Appendix 3H. Evaluation study – FoodNow app and Sensewear 
instruction booklet 
 
360 
Appendix 3I. FoodNow app overview 370 
Appendix 3J. Dietary coding manual  
Appendix 3K. Sensewear wear time calculations 383 
Appendix 4A. Qualitative study - Safely plan 386 
Appendix 4B. Qualitative study – Semi-structured interview schema 388 
Appendix 4C. Qualitative study – Plain language statement and 
consent form 
 
394 
Appendix 4D. Qualitative study – Demographic questionnaire 401 
Appendix 4E. Qualitative study – Transcript coding framework 405 
Appendix 5A. MEALS study – Plain language statement and consent 
form 
 
413 
Appendix 5B. MEALS study - Questionnaire 420 
Appendix 5C. MEALS study – Instructional video 459 
 xxi 
 
Appendix 5D. MEALS study – Test-retest results 478 
 
 xxii 
 
List of Definitions 
 
Eating occasion - The ingestion of any food or beverage; covers a variety of terms 
used in the literature, including meals and snacks 
Eating occasion context - The immediate environment of each eating occasion 
(e.g. location, preparation time, social involvement) 
Eating pattern - Patterns of food and beverage intake at the level of eating 
occasions, and may include timing, frequency and sequencing of food 
consumption, and the context surrounding those eating occasions. 
Main meal - An eating occasion referred to as breakfast, lunch and dinner 
Meal skipping - The omission of, or failure to consume, one or more traditional 
main meals (breakfast, lunch or dinner) 
Snacking – The consumption any food or beverage item consumed outside of a 
traditional main meal (breakfast, lunch and dinner) 
Young adults - Individuals aged 18-30 years 
  
 xxiii 
 
This page was left blank intentionally 
 
 
  
Chapter 1: Introduction 
 
Diet is an important risk factor for many chronic disease such as obesity, 
type II diabetes and cardiovascular disease. Previous research has focused on 
specific nutrients considered to be integral to this relationship. The study of 
eating patterns and their relationship with chronic disease risk factors are 
however becoming more prominent in the current literature. Young adults eat in 
particularly poor eating patterns, frequently skipping meals and consuming 
energy-dense snack foods. There is however little research available that 
describes correlates of these eating patterns in young adult samples. An improved 
understanding of the correlates of these eating patterns could contribute to the 
development and delivery of interventions targeted at reducing these eating 
patterns in young adulthood. The aim of this thesis is to describe and understand 
eating patterns of young adults aged 18-30 years, focusing on two key patterns, 
meal skipping and snacking.  
This thesis begins with a literature review (Chapter Two) to examine the 
existing literature on the correlates of meal skipping and snacking eating patterns 
in young adults. The limitations of previous dietary assessment methodologies 
such as the lack of contextual information collected, are also explored in this 
chapter. Lastly, the opportunities for technology in dietary assessment are 
examined.  
Chapter Three presents the results from an evaluation study, designed to 
evaluate the development of a novel dietary assessment method capable of 
measuring dietary intake, eating patterns (meal skipping and snacking), and their 
associated contextual information in real time. This study reports the evaluation 
of this method’s ability to measure energy intake compared to measured energy 
expenditure by the SenseWear device. Energy expenditure is commonly used as a 
proxy for energy intake in dietary assessment validation studies.  
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Chapter Four presents a qualitative study exploring the self-reported 
influences on meal skipping and snacking eating patterns of young adults aged 18-
30 years. Results from this study were used to inform the development of the 
questionnaire used in Chapters Five and Six.  
Chapter Five describes a cross-sectional study designed to quantitatively 
investigate meal skipping patterns and their correlates in young adults aged 18-30 
years. This chapter assessed meal skipping using the Smartphone food diary 
FoodNow evaluated in Chapter Three.   
Chapter Six examines the correlates of snacking frequency in young adults 
aged 18-30 years. Snacking frequency was assessed via the Smartphone food 
diary FoodNow evaluated in Chapter Three. Finally, the overall thesis findings are 
collated and discussed in Chapter Seven. This chapter provides a summary of the 
key findings, strengths and limitations of the thesis and discusses implications for 
public health. Drawing on findings from this thesis and the existing literature, 
Chapter Seven provides recommendations for future research to improve eating 
patterns of young adults.  
The research conducted within this thesis is will have significant 
implications for future eating pattern interventions and analysis. Changes to 
current eating pattern practises at a population level have the potential to 
significantly reduce the economic burden of chronic diseases such as obesity and 
diabetes (1). This thesis focuses specifically on young adults who are reported to 
have particularly poor dietary habits (2), however provide an opportunity to shape 
lifestyle habits of future generations (3, 4).    
Previous health and nutrition research has focused on the consumption of 
individual nutrients, largely neglecting the reality of food consumption occurring 
as meals. It is the consumption of these meals that form eating patterns, and 
which can be influenced by a range of factors. Limited research exists within 
Australian young adults focusing on eating patterns and the factors associated 
with these eating patterns. The results of this work will help in the development 
and implementation of public health promotion initiatives targeted at Australian 
young adults. Research of this nature examining the eating pattern behaviours 
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such as snacking and meal skipping have not been previously conducted within 
this population.  
In addition, to informing-public health messages and strategies, this thesis 
has the potential to make contributions to the field of dietary assessment 
methods. Current methods of dietary assessment are faced with numerous 
limitations (5). However, through the work in this thesis, an appropriate and valid 
method of dietary assessment will be developed, capable of measuring meal 
patterns such as snacking and meal skipping, by harnessing current advancements 
in technology. 
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Chapter 2: Literature Review 
2.1 The importance of nutrition for health 
It is widely recognised that poor nutrition is related to the development of 
many chronic diseases such as obesity, type II diabetes, cardiovascular disease 
(CVD), stroke and some types of cancer (6, 7). Within Australia, the obesity 
epidemic is escalating, with 63.4% of adults in 2014-15 classed as either 
overweight or obese, according to the World Health Organisation’s body mass 
index (BMI) definitions (8). These rates were 2.4% higher than in 2007-08, and 
7.4% higher than in 1995 (9, 10). Nutrition-related chronic diseases are the most 
significant cause of premature death and disability worldwide (11-13), with 13% 
of deaths globally attributed to CVD during 2012 (14). Similarly, nutrition-related 
diseases are associated with an increasing burden on health care systems and 
health expenditures globally (11, 15), with Australian data (2014) reporting CVD as 
the highest health expenditure across all disease groups (16).  
Dietary practices and eating patterns are becoming recognised as 
important modifiable elements in the prevention of chronic diseases (13). The 
majority of Australians do not consume good quality diets (17). Instead, the 
consumption of diets low in fruit and vegetables, and diets high in saturated fat 
are exceedingly prevalent (10, 18, 19). For example, in 2014-15, only 5.1% of 
adults aged 19 years and over, consumed the recommended amounts of fruit and 
vegetables daily (10). In comparison, consumption rates of discretionary foods 
(those that are high in added sugar, salt or saturated fat (20))  are high, with 
approximately 36% of total energy in 19-30 year olds coming from foods such as 
alcohol, cakes or desserts (20). These poor eating patterns are associated with low 
intakes of important nutrients essential for good health and the prevention of 
chronic diseases (21, 22), and are found throughout the population (16). 
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2.2 Eating patterns 
Traditionally, nutrition research has focused on the functions of individual 
foods and nutrients. Recently, however there has been a focus on eating patterns 
(23, 24). Eating patterns describe how people eat in terms of their individual 
eating occasions (1). Humans rarely consume individual nutrients or foods in 
isolation, instead they consume a varied diet with multiple foods and beverages, 
usually consumed together in eating occasions. As such, eating occasions can be 
considered to be a ‘fundamental unit’ of eating patterns (25).  
Health is directly influenced by eating patterns, with certain eating 
patterns associated with chronic disease risk. Eating patterns, such as breakfast 
skipping, have been positively associated with risk factors such as increased body 
weight, greater waist circumference, insulin resistance and cardiometabolic risk 
factors (26, 27). Regular fruit and vegetable consumption eating patterns have 
been linked to many positive health outcomes such as increased bone density 
(28), decreased risk of some cancers (29), lower risk of dementia (30), decreased 
risk of diabetes (31), and lower body weight (32). Currently, most countries’ 
dietary recommendations, including the revised Australian Dietary Guidelines, are 
mainly focused on nutrients and food groups with no reference to individual 
eating occasions or eating patterns (33, 34). A more thorough understanding of 
eating patterns may enable more targeted, relevant public health messages to be 
communicated. Advice regarding composition or eating formats may offer more 
practical and understandable ways to support populations in achieving dietary 
guidelines. 
 
2.2.1 Eating pattern definitions and terminology 
The term ‘eating patterns’ is multidimensional, and can be defined broadly 
as patterns of food and beverage intake at the level of eating occasions, and may 
include timing, frequency and sequencing of food consumption, (35) and the 
context surrounding those eating occasions. The terms ‘eating occasions’ or 
‘eating events’ are broadly used to describe the ingestion of any food or beverage 
and covers a variety of terms used in the literature, including meals and snacks 
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(36). In addition, eating occasion context is the immediate environment of each 
eating occasions (e.g. location, preparation time, social involvement) (37). 
Currently, there are many diverse definitions and classifications of the 
eating occasion terms ‘meals’ and ‘snacks’, with many definitions unclear or 
unspecified (38). Some studies have used criteria based on timing (39), energy 
density (26), or sequence of consumption (40) while others have used 
classifications based on the participants’ recall or identification of the type of 
eating occasion (40). Some studies have failed to distinguish meals from snacks, 
combining the two as ‘eating occasions’ (41). Others have labelled snacks as  ‘food 
and/or beverage breaks’, (42) or ‘eating occasions outside a meal’ (43, 44). 
Currently there is no definitive consensus in the literature on the definition of a 
meal or a snack. The definition used to define an eating occasion (e.g. snack) 
needs to be determined through consideration of the research question or aim of 
the research. The aim of this thesis is to explore and examine eating behaviours of 
individuals. This is explorative research with individuals reporting on personal 
experiences and influences. It is therefore important for individuals to be able to 
self-report their eating occasions as opposed to the researcher providing cut 
points / definitions as this would decrease the intention / meaning of the research 
question.  
Figure 2.1 provides a schematic of eating patterns and their components. 
As outlined below individual nutrients form food items, which eaten together 
make up individual eating occasions (meals and snacks).  These eating occasions 
form the building blocks for eating patterns and influence total energy and dietary 
intakes. These intakes can have either positive or negative influence on chronic 
disease risk factors. This model is aimed at addressing eating patterns and its 
components rather than outcomes or correlates. 
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Figure 2.1. A schematic of the components of eating patterns  
2.3 Young adults 
Young adulthood or ‘emerging adulthood’ is a phase of development, with 
varying age range definitions, ranging from 17 years through to 34 years. 
However, most commonly the term refers to those aged 18-30 years (45-50). This 
period is commonly defined as one of transition, with changes in living 
circumstances, work arrangements, further education commitments, financial 
circumstances and increased independence (49, 51). It is common for this age 
group to change living residences frequently, reflecting changing education, work 
or relationship circumstances. For example, in 2011, 64% of young adults in 
Australia lived at a different address  five years previously as compared to 25% of 
Australia adults aged 50-60 years  (49). It is during this life stage that individuals 
increase their responsibility for food provision, involving themselves in food 
budgeting, grocery shopping and cooking (52). The increased household 
responsibilities associated with young adulthood expose individuals to the current 
obesogenic food environment (9). This obesogenic exposure has the potential to 
impact on specific eating occasions through food choice, thus significantly 
impacting overall eating patterns (53).  
The current health status of young adults, is one characterised by high 
levels of chronic disease risk factors including obesity, hypertension, and 
dyslipidaemia (9, 10, 54-56). During 2014-15, obesity rates were 33.3% among 
females and 43.8% among males aged 18-24 years in Australia (10). With risk 
factor rates for hypertension and dyslipidaemia, 6.6% and 44% respectively (56). It 
• Individual nutrients
• Food items
• Eating occasion (meal/snack)
• Eating patterns 
• Total dietary intake
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is this period from 18-30 years that is recognised as a critical stage for the 
development of chronic disease risk factors such as obesity, (4, 57) with research 
from western countries indicating the prevalence of obesity nearly doubling from 
early twenties to the early thirties (3, 10).  
Research examining chronic disease risk factors documents the positive 
tracking of these factors by age (58). Young adults are now exposed to obesity 
and other risk factors from an earlier age, resulting in a cumulative long term 
exposure (59). This extended exposure places the individual at increased risk of ill-
health and chronic diseases such as diabetes or metabolic syndrome (59). A 
recent modelling study examining obesity trends demonstrated that young 
Australian adults are a major risk group for future increased obesity rates (60), 
and are gaining weight more rapidly than their parent’s generation (60, 61).  
Young adulthood offers a unique opportunity to develop appropriate 
eating patterns which are advantageous to good health, with research suggesting 
the adoption of eating behaviours during this age period can track into later life 
(62-65). By targeting young adults, future nutrition-related strain on health care 
systems might be minimised through the prevention of nutrition-related chronic 
diseases, such as CVD and type II diabetes. 
 
2.3.1 Eating patterns of young adults 
Young adults have been shown to have particularly poor dietary habits, 
consuming diets high in fast-food and sugar-sweetened beverages and low in 
fruits and vegetables. Data from the 2003-2004 American National Health and 
Nutrition Examination Survey reported young adults to have poorer diet quality 
then both children and older adults (66). Research has highlighted that young 
adults worldwide frequently consume fruits and vegetables in amounts lower 
than recommended. For example, data from a national survey in Germany in 2007 
identified 19-24 year olds as the lowest consumers of fruit and vegetables among 
adults (67), with similar results seen in both France (68) and Canada (69). In Italy, 
vegetables are under consumed with less than half (45%) of 20-24 year olds 
consuming one or more vegetable serves per day (70). Data from the Australian 
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Health Survey 2011/12 reported that fewer than 4% of adults aged less than 35 
years consumed the recommended five serves of vegetables per day (10). 
Additional studies conducted in young adult Australian samples reported 2.0 ± 1.1 
and 3.3 vegetable serves (75g) per day respectively (71, 72). 
In comparison, consumption of discretionary foods such as sugar-
sweetened beverages (20, 71, 73-76), and takeaway foods such as burgers, fries, 
and pizzas (77, 78) are reported to be high in young adults. Data from the United 
Kingdom (UK) (74), United States of America (USA) (73, 75, 76), Australia (20), and 
New Zealand (71), report young adults to be the highest consumers of sugar-
sweetened beverages of all age groups, with an average of 128 kcal (536 kJ) per 
day drunk by British 16-29 years olds (74). Data from national surveys from both 
USA and Singapore also show that young adults are the biggest consumers of fast-
food (77, 78). The consumption of alcohol, particularly in binge patterns, has also 
been documented to be high within this age group (79).  
Young adults participate in a range of eating patterns and behaviours that 
may impact their food choice and overall dietary quality. Eating patterns such as 
family meal frequency (80) has been found to be positively associated with diet 
quality, while the consumption of ‘regular’ meals is associated with higher intakes 
of fruits, vegetables and fish and lower intakes of high-energy snack foods (81). In 
comparison, young adults more commonly participate in eating patterns that are 
inversely associated with positive health outcomes. Eating patterns such as meal 
skipping (82, 83), frequent snacking (43, 82, 84), eating meals ‘on the run’ (85), 
and frequently eating outside of home (55, 86-90), are seen at increased rates in 
young adults and have been reported to negatively impact dietary intake and diet 
quality. Data collected as part of the National Health and Nutrition Examination 
Survey found significant differences in the number of meals eaten outside of the 
family home when comparing those aged <30 years (3.8 ± 0.1 commercial meal 
per week) to those aged >65 years (1.9 ± 0.2 commercial meals per week) (91). 
Breakfast skipping has been associated with poorer diet quality (92) and lower 
intakes of total energy, vitamins and minerals (93-95); eating meals ‘on the run’ 
(or snacking) is associated with higher intakes of soft-drinks, fast food and 
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saturated fat (85); and eating outside of the home twice a week is associated with 
poor diet quality (96), higher total energy intake (EI), and a higher energy 
contribution from fat to the daily diet (97).  
In conclusion, young adults have some of the poorest dietary habits 
compared with other age groups (66). Frequent participation in unhealthy eating 
patterns, such as meal skipping and increased frequency of energy-dense snack 
consumption, has contributed to the poor food intakes and diet quality in this 
population. Given the high prevalence, and current lack of research in young 
adults, the eating patterns of meal skipping and snacking will be the focus of this 
thesis.  
 
2.4 Meal skipping 
There are a variety of definitions used within the literature to define meal 
skipping. These include the failure to report a main meal (breakfast, lunch or 
dinner), failing to consume an eating occasion within a specific time frame or 
failing to consume an eating occasion of sufficient energy content (94, 98-100). 
Meal skipping will be defined throughout this thesis as the omission of, or failure 
to consume, one or more traditional main meals (breakfast, lunch or dinner) 
(101). Due to the limited research examining meal skipping, this broad definition 
was selected to ensure a comprehensive review of the current meal skipping 
literature. 
 
2.4.1 Meal skipping patterns and trends 
Over the last 30 years, the frequency of meal skipping has increased 
across all age groups (102-105). Current prevalence rates of meal skipping in 
young adult populations are estimated between 24-87% (106, 107). Meal skipping 
appears to peak in young adulthood with rates increasing from adolescents 
through to young adulthood (103) and declining again in older adults (>34 years) 
(108-110). Data from the Australian Health Survey 2011/12 reports 39% of young 
adults (19-24 years) eat breakfast less than 5 days per week, compared with 10% 
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of children (8-11 years) and 4% of adults (>65 years) (20). Recent studies have 
identified breakfast as the most commonly skipped meal across all age groups 
(20). This may partly explain why most research has focused on breakfast skipping 
as opposed to other meals. 
 
2.4.2 Consequences of skipping meals 
The regular omission of meals particularly the breakfast meal, has been 
associated with multiple chronic disease risk factors. Studies have found positive 
associations between breakfast skipping and obesity (26, 27, 93), insulin 
resistance markers (27, 111) and cardiometabolic risk factors (27, 93, 112), when 
compared to those who regularly consume breakfast.  
Meal skipping has also be associated with poorer dietary intake, with 
studies reporting inverse associations between meal skipping and diet quality 
(92), total energy and specific vitamins and minerals, including calcium, iron, 
folate and vitamin C (93-95, 113-115). A study of American college students 
reported an inverse association between skipping breakfast and fruit and 
vegetable intake, while a positive association was reported for fast food and 
sugar-sweetened beverage consumption (116). Similarly, the lack of consumption 
of a breakfast composed of whole grains and dietary fibre was associated with 
higher consumption of energy-dense snacks throughout the day (117). 
Mechanisms that link meal skipping to chronic disease risk factors such as 
obesity are not well known (118). Possible suggestions include the link between 
meal skipping and the clustering of less healthy lifestyle characteristics that may 
impact weight maintenance (92). These include the consumption of energy-dense 
snack foods as compensation for skipping a meal (119), and the possible 
decreased consumption of nutrients with known links to weight control such as 
fibre (120) and calcium (121). In addition breakfast skipping has been linked to 
inadequate levels of physical activity (122), consequently affecting energy balance 
(123).  
 
Chapter 2: Literature Review 
 
10 
 
2.4.3 Summary 
The skipping of meals such as breakfast is most common during young 
adulthood (82, 108) and is associated with numerous negative health outcomes 
and poorer dietary intake (26, 27, 48, 111, 112, 117, 123). Less research has 
however focused on why meal skipping rates are so high in young adults and 
which correlates are associated with meal skipping behaviours. This will be 
addressed later in Section 2.6.2. 
 
2.5  Snacking 
The current literature contains a range of snacking definitions. Previous 
studies have defined snacking according to the time of day of the eating occasion 
(26), the type of food consumed (124), the amount of food consumed, location of 
consumption (125-127) or participant defined (36). Varying definitions of snacking 
eating occasions can have important implications on the over or under-reporting 
of snacking frequency. This directly impacts the direction of associations between 
correlates of this behaviour and can also impact on the assessment of snack food 
quality scores. Recent research however, has found good agreement for the 
energy content of snacks (ICC = 0.89; women: ICC = 0.87) between participant-
identified and time of day definitions (38). Some studies use a broader approach 
for defining snacking, with any food or beverage item consumed outside of a 
traditional main meal (breakfast, lunch and dinner) defined as a snack (128-130). 
Due to the small numbers of articles focused specifically on snacking behaviours, 
this broad definition has been chosen to define snacking throughout this thesis, to 
ensure a comprehensive review of the literature.  
 
2.5.1 Snacking patterns and trends 
Snacking frequency has increased over the past 30 years within all age 
groups (40, 43, 82, 84, 131, 132). Previous studies of American adults have 
documented increases of snacking prevalence from 71% to 97% from 1977-2006 
(43). Minimal studies have focused on the snacking frequency of young adults. 
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One cross-sectional study found that 80% of American college students snacked 
at least once daily, (82) while a longitudinal study (1977-78 to 1994-96) of 
American 19-29 year olds found snacking prevalence increased from 77% to 84% 
(84). The same study found the number of snacks per day increased by 14% in the 
study period and the total EI from snacks rose from 20% to 23% (84).  
The energy density of snack foods has progressively increased over time, 
(43) resulting in a greater increased total EI from snacks (43, 131, 132). When 
snacking frequency was analysed by age categories, the most energy dense snacks 
were being consumed by young adults aged 19-39 years (USA) (43). The energy 
density of these snacks contribute to the total daily EI of individuals, particularly 
those of young adults. This surplus of EI may act as a primary risk factor for 
obesity and many chronic diseases (43).  
 
2.5.2 Consequences of snacking  
The association between snacking frequency and chronic disease risk 
factors currently remains inconclusive. As discussed previously multiple 
definitions of snacking currently exist within the literature. Due to the limited 
literature on snacking frequency, studies which have used total eating occasion 
frequency have been discussed. This is a limitation of the area, as total eating 
frequency is an accumulative count of all eating occasions as opposed to snacks in 
isolation.  
Early research by Faibry et al. (133), showed an inverse association 
between the number of eating occasions (meals and snacks) and chronic disease 
risk factors . Since this discovery, similar cross-sectional results have emerged to 
support the hypothesis that higher frequencies of eating occasions are protective 
against chronic disease risk factors (26, 134-136). However, more recently, 
contradictory results have shown a positive association between higher 
frequencies of eating occasions and chronic disease risk factors such as obesity 
(137) low density lipoprotein (LDL) cholesterol and the ratio of high density 
lipoprotein (HDL) to LDL cholesterol ratio (108, 138-142). This may occur in part 
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due to dietary compensation and thermogenic effects weaker when eating 
frequency is high when compared to increased portion sizes (137). 
Similar to chronic disease risk factors, the association between snacking 
frequency and diet quality has been reported with mixed results. Data from the 
Australian Health Survey 2011/12 reported that snack frequency was not 
associated with overall diet quality and micronutrient intakes (143). In 
comparison, findings from the 2000-2001 British National Diet and Nutrition 
Survey report an inverse association between snacking frequency and diet quality 
(144), while data from the 2003-2012 British National Diet and Nutrition Survey 
demonstrated a positive association between snacking frequency and diet quality 
(Healthy Eating Index-2010) (145).  
The conflicting and inconclusive associations reported between chronic 
disease risk factors or dietary intake and eating occasions or snacking frequency 
may be explained by a variety of reasons. The following issues have been 
identified that may have contributed to the inconclusive results. Firstly, no 
standard definition of an eating occasions (meal or snack) exists, with some 
studies using total eating frequency as a measure of snacking frequency (38). 
Secondly, studies have used a variety of measurement methods (24-hr recall, food 
diaries and FFQ) over varying time frames, each with varying validity (38). Finally, 
most studies have not allowed for energy misreporting, with under-reporting 
likely to result in lower snacking frequency (36). These sources of heterogeneity in 
methodologies make the comparison and interpretation of included studies 
increasingly difficult.  
As discussed, evidence for a causal relationship between snacking 
frequency and chronic disease risk factors or diet quality is lacking. There is 
however evidence to suggest that overweight and obese individuals consume less 
healthy, energy-dense snacks (146). This is of particular concern to young adults 
who are the highest consumers of energy-dense snacks (43). It is currently 
unknown if the energy density or the frequency of snack consumption that 
provides the greatest risk factor for chronic disease (43) . Despite this, it is 
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important to understand the predictors of the frequency of snacking occasions 
prior to developing snack choice interventions.  
 
2.5.3 Summary 
Snacking, or the consumption of foods outside of traditional meal times 
has increased over the past three decades within all studied populations (40, 43, 
82, 84, 131, 132). This increase has been particularly evident within young adults, 
approximately 80% of whom consume snacks at least once daily (82). These 
snacks are energy-dense and may act as risk factors for many chronic diseases 
(108, 138-141). Limited research has examined the correlates of snacking 
frequency in young adults.   
 
2.6 Correlates of eating patterns  
Eating behaviours such as meal skipping and snacking are 
multidimensional behaviours, influenced by a variety of complex factors ranging 
from biological to anthropologic influences. Every day most adults make around 
200 eating decisions, yet report being consciously aware of an average of only 
14.4 (147). These findings suggest that the majority of choices relating to the 
purchasing, preparation and consumption of food occur outside consciousness, as 
habitual eating behaviours. These behaviours are learned patterns of events that 
are influenced by the surrounding environments or biological factors and are 
performed automatically outside consciousness. It is these choices and their 
contextual environments that provide the framework for eating patterns. The 
following section introduces health behaviour frameworks that are used within 
the literature to comprehend the multiple dimensions and interacting influences 
on eating patterns such as meal skipping and snacking.  
 
2.6.1 Health behaviour frameworks 
Conceptual models or frameworks are useful in understanding and 
explaining the dynamics of eating behaviours. Currently, there is an abundance of 
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health behaviour conceptual models within the literature. These models are 
integral to the comprehension of the multiple dimensions seen within health 
behaviours (148, 149). Early theories such as Ajzen’s Theory of Planned Behaviour 
(150),  and Bandura’s Social Cognitive Theory are useful for understanding the 
cognitive factors and social influences associated with health behaviours and are 
widely used in health research literature. The Theory of Planned Behaviour is 
centred around intentions and the roles that attitude, subjective norms and 
perceived behavioural control have on intentions and related behaviours (150). In 
a complementary manner, the Social Cognitive Theory focuses on the interactions 
between personal, behavioural and social factors and how they inter-relate to 
explain health behaviours (151). 
In addition to these psychosocial determinant models, many ecological 
models exist, focusing on the impact of multiple environments and distal factors 
on health behaviours, including eating behaviours (63, 152-154). While there are 
a number of possible conceptual frameworks in the literature, this review will use 
the framework developed by Story et al. (63) to categorise the correlates of meal 
skipping and snacking. This framework was designed to focus on eating 
behaviours specifically and is used commonly in nutrition research (63, 155, 156). 
It combines ecological perspectives with social cognitive theories resulting in a 
framework which takes into account the relationship between people and their 
environments seen in ecological models (153), and socio-environmental, personal 
and behavioural factors seen within Social Cognitive Theory (151). This social-
ecological framework is made up of the following four domains:  
1) Individual influences (intrapersonal);  
2) Social-environmental influences (interpersonal);  
3) Physical-environmental influences (community settings);  
4) Macrosystem influences (societal) (Figure 2.2) (63). 
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Figure 2.2. Social-ecological framework (63) 
 
The four domains are described in more detail below. 
Individual influences: This domain is made up of individual characteristics that 
influence eating behaviours including psychological factors such as attitudes, 
beliefs, knowledge, self-efficacy, taste and food preferences; biological factors 
such as hunger; behavioural factors such as habit, weight control or dieting and 
lifestyle factors such as perceived barriers including cost, time demands and 
convenience.  
Social-environmental influences: This domain contains influences from social 
networks including family, friends, peer networks and can impact on eating 
behaviours through modelling, reinforcement, social support, perceived norms or 
desire to fit in.  
Physical-environmental influences: This domain contains influences found within 
the community such as accessibility and availability of foods. This includes 
proximity and accessibility to fast-food outlets, restaurants, shopping centres, 
vending machines and convenience stores. It also includes influences such as 
living environment (e.g. socio-economic status determined by post code (SEIFA)) 
or housing type (e.g. college dormitory or living with family).  
Macrosystem domain
Social-environmental 
domain
Individual domain
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Macrosystem influences: This domain contains influences that play a more distal 
and indirect role in eating behaviours including the mediated environment 
created by food marketers and policy makers. These include media and 
advertising, social and cultural norms around eating patterns, food production 
and distribution systems which influence food availability, and local, state and 
federal policies and laws that regulate or report on food-related issues, such as 
availability and pricing.  
This multi-level framework is useful for understanding and examining 
correlates and potential influences on eating behaviours such as meal skipping 
and snacking. This framework accepts that eating pattern behaviours are 
multidimensional and interactive, while acknowledging that correlates of these 
behaviours do not operate in isolation yet it is a combination of conscious and 
unconscious decisions or factors that interact to inform and influence our eating 
behaviours. This framework is flexible in its approach to understanding eating 
behaviour correlates and aims to create a method to enhance and simplify these 
complicated processes.   
In this thesis, the social-ecological framework will be used as a template in 
the identification of potential correlates young adults face when participating in 
eating patterns such as meal skipping and snacking. After reviewing the current 
literature many important correlates were identified which affect the meal 
skipping and snacking patterns of young adults, however, only the most 
prominent and influential factors will be explored within this thesis.  
 
2.6.2 Correlates of meal skipping 
A systematic review of the correlates of meal skipping in young adults 
aged 18-30 years was conducted (by FJP) and has been accepted for publication 
(157). The full manuscript is provided in Appendix 2A, with an overview of the 
systematic review presented below.  
Following the Preferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) protocol (158), EBSCO host, MEDLINE Complete, Global Health, 
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Scopus, EMBASE, Web of Science and Informit platforms were searched (January 
2016) for eligible articles. To be included in the review each article was required 
to meet the following criteria: 1) original peer-reviewed research published in 
English, 2) mean age of participants between 18-30 years, or aged 18-30 years at 
baseline for longitudinal studies, for studies that did not report a mean age, the 
participants needed to be referred to as university or college students; 3) 
participants free from disease and community-dwelling, 4) measure of meal 
skipping, meal omission or meal frequency reported (assessed as any meal 
skipped throughout the day or according to meal type e.g. breakfast, dinner, and 
supper, 5) there was at least one correlate of meal skipping reported, 6) study 
design was one of the following: randomised controlled trail, prospective cohort 
study, case-control study, nested case-control study, cross-sectional study or 
longitudinal study.  
Three-hundred and thirty-one articles were identified, 141 full-text articles 
were assessed for eligibility, resulting in 35 included studies. Multiple 
methodological and reporting weaknesses were apparent in the reviewed studies 
with 28 of the 35 studies scoring a negative rating in the risk of bias assessment 
using the Academy of Nutrition and Dietetics Quality Criteria Checklist (159). Meal 
skipping (any meal) was reported in 12 studies with prevalence ranging between 
5-83%. The remaining 25 studies identified specific meals and their skipping rates, 
with breakfast the most frequently skipped meal (14-88%) compared to lunch (8-
57%) and dinner (4-57%).  
The majority of studies (28 of the 35 studies) examined correlates by 
investigating associations between factors and meal skipping behaviours through 
Chi-square, One-way analysis of variance (ANOVA), Duncan’s’ multiple range test 
and regression (linear and logistic) statistical analysis (94, 98, 99, 160-185). 
Another approach used to examine correlates of meal skipping (used in 10 
studies), was the use of a ranking methodology where participants were asked to 
rank potential correlates against other meal skipping correlates (100, 163, 166, 
168, 175, 186-190). From these ten studies, ten ranked correlates were reported. 
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Correlates reported to be associated with meal skipping were grouped 
according to the domains of the social-ecological framework outlined previously 
(63). Associations were reported from the individual, social-environmental and 
physical-environmental domains, with no associations reported from the 
macrosystem domain. Full details of included studies and results of the risk of bias 
assessment are detailed in the published paper and can be found in Appendix 2A.     
Individual influences  
Of the 35 studies included in this review, 33 studies assessed correlates 
from the social-ecological framework that could be considered individual 
correlates. These included sex, age, ethnicity, body mass index (BMI), education, 
menstrual regularity, physical activity, internet use, and a list of perceived 
cognitive influences.  
Sex 
Sex was reported as a correlate of meal skipping by 12 studies; three 
reported total meal skipping (160, 171, 180) and nine reported on specific meal 
skipping (94, 98, 165, 166, 169-171, 177, 184). Two studies identified no 
difference in meal skipping (any meal) in relation to sex (160, 171), while one 
study reported meal skipping (any meal) to be more likely in males (180). Two 
studies reported no significant difference in breakfast skipping between sexes (94, 
169), three reported breakfast skipping to be more likely in males (98, 177, 184), 
while two reported breakfast skipping to be more likely in females (166, 171). 
However, although Huang et al. (171), showed that females were more likely to 
skip breakfast in summer months, this associations was not present in winter 
months. Two studies reported lunch skipping (98, 165), and two dinner skipping 
(165, 170), both studies found females to be more likely to skip these meals 
(lunch (98, 165) and dinner (165, 170)) compared to males. 
Age 
Two studies reported an association between age and breakfast skipping 
(166, 175). Danquah et al. (166), reported breakfast skipping to be more likely in 
those aged 15-20 years when compared to those aged 21-30 years. Similarly, Lee 
and Yoon (175) reported meal skipping (any meal) to be more likely in those aged 
18-20 years compared to those aged 24-28 years.   
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Ethnicity 
Ethnicity was associated with breakfast skipping in five studies (94, 166, 
170, 178, 183). Of the studies that included Caucasian participants (94, 166, 170, 
183), three found breakfast skipping to be more likely in those who were 
Caucasian compared with other ethnicities (Japanese, Korean, African American) 
(166, 170, 183), and one found no association (94). Another study found breakfast 
skipping and meal skipping (any meal) to be more likely in Korean young adults 
compared with Japanese young adults (178). While, lunch and dinner 
consumption was found to be more common in Japanese young adults compared 
to Caucasian and Korean young adults (183). 
Body Mass Index (BMI) 
Five studies reported that BMI was associated with meal skipping (161, 
164, 165, 176, 180). Meal skipping (any meal) was reported in four studies, two 
found no association between BMI and meal skipping (any meal) (164, 176), one 
reported meal skipping (any meal) to be more likely in those with an increased 
BMI (161), while another found meal skipping (any meal) less likely in those with 
an increased BMI (180). Breakfast skipping was reported by one study and was 
more likely with those with higher BMI (165).  
Education 
Three studies examined education and its association with meal skipping 
behaviours. Eldisoky (168), reported maternal education status and its 
relationship with breakfast skipping (168), although this was not significant. 
Kapinos & Yakusheva (172) reported that individuals in their second year of 
university were more likely to report meal skipping (any meal) compared to those 
in their first year university. In addition, Danquah et al. (166), reported that 
students in science courses were more likely to report breakfast skipping 
compared to those enrolled in humanities courses (166). 
Menstrual regularity  
Eittah (167), found breakfast skipping to be more likely in young adults 
with an irregular menstrual cycle compared to those with a regular menstrual 
cycle.  
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Physical activity 
Colić Barić et al. (165), observed that breakfast consumption (6 or 7 times 
per week) was more likely in those who spent ≥ 3.5 hours exercising per week 
when compared to those who did 2.6 hours per week.  
Internet Use 
One article reported meal skipping (any meal) to be more common in 
individuals who used the internet heavily (> 4 hours per day) (173).  
Psychological wellbeing 
Three studies documented associations between psychological factors and 
meal skipping (any meal). Yilmaz et al. (185), identified that meal skipping (any 
meal) was more likely in young adults with depressive symptoms; Suliga et al. 
(181), found meal skipping (any meal) to be more likely in those with a self-
perception of being overweight; Bahl et al. (162), found meal skipping (any meal) 
to be less likely in those who were mindful, and meal skipping (any meal) to be 
less likely in those who had increased body satisfaction.  
Fatigue 
Two studies examined the association between fatigue and meal skipping 
(179, 182). Tanaka et al. (182), found breakfast skipping to be more likely in those 
experiencing fatigue, while Sato-Mito et al. (179), found meal skipping (any meal) 
to be more likely in those who’s mid-point in sleep was later (falling asleep after 
1.30 AM and the mid-point of sleep falling at 5.31 ± 0.55 AM) (179). 
Perceived cognitive influences 
The following correlates of meal skipping are perceived cognitive 
influences, which were rated within their respective studies as subjective 
attributes. 
Time: Time or the lack of time was mentioned in 10 studies and when 
considered against other correlates, time was ranked as the strongest perceived 
correlate of meal skipping (any meal) in nine of the 10 studies (100, 163, 168, 175, 
186-190). 
Hunger: A lack of hunger was reported in four studies and ranged in 
importance from being the strongest correlate of meal skipping to the third 
strongest perceived correlate (166, 168, 175, 188).  
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Weight control: Weight control was mentioned in four studies and ranged 
from being the strongest perceived correlate of dinner consumption to the third 
strongest perceived correlate of meal skipping (any meal) (100, 166, 168, 187).  
Money: Money or the lack of money, was reported in three studies and 
was ranked as either third or fourth strongest perceived correlate of meal 
skipping (any meal) (100, 187, 188).  
Habit: Dietary habit was reported in two studies, one study ranked habit as 
the second strongest perceived correlate of breakfast skipping and the other 
ranked it as the fourth strongest perceived correlate of meal skipping (any meal) 
(175, 186).  
Religion: Fasting/religion was reported in two studies, where it was ranked 
as being either the third or fourth strongest perceived correlate of meal skipping 
(any meal) (100, 187).   
Taste: Taste was reported as being a correlate of meal skipping (any meal), 
with one study ranking it as its second strongest perceived correlate (186).  
Cooking skills: Lack of cooking skills was reported by one study as the third 
strongest perceived correlate of meal skipping (any meal) (188).  
 
Social-environmental influences  
Of the 35 studies included in this review, one study assessed a correlate 
that could be considered a social-environmental correlate (186). The variable 
examined was the notion of being sociable. It is unclear exactly what is meant by 
this variable, however it is predicted that one would rather socialise then eat a 
meal.   
Desire to be sociable 
One study reported a desire to be sociable as a correlate of meal skipping 
(any meal), ranking it third strongest perceived correlate of meal skipping (any 
meal) (186). 
 
Chapter 2: Literature Review 
 
22 
 
Physical-environment influences 
Of the 35 studies included in this review, six studies assessed correlates 
that could be considered physical-environmental correlates. These included socio-
economic status based on rural/urban living environments and housing type. 
Rural/urban living environment 
In one Polish study, meal skipping (any meal) was more likely in those who 
resided in a rural area compared to those who lived in an urban area (180).  
Housing type 
Five studies focused on specific living environments such as housing types. 
Kapinos & Yakusheva (172) reported meal skipping (any meal) to be more likely in 
those living in university/college dormitories. Similarly, Beerman et al. (163), 
reported meal skipping (any meal) to be more likely in those residing with parents 
or in university dormitories when compared to those living in Greek university 
housing (fraternity or sorority housing). Individual meal skipping events were 
reported in three studies (99, 170, 174). Two studies reported breakfast skipping 
to be more likely in those who lived away from home (99, 170), while one found 
breakfast skipping to be more likely in those living by one’s self or with parents 
compared with living on campus (174). This same article reported the same 
association for dinner skipping (174). 
 
Overview 
In conclusion, meal skipping is influenced by a range of correlates. The 
majority of these correlates are found within the individual domain of the social-
ecological framework (n=10), with less in both the social-environmental domain 
(n=1) and physical-environment (n=2) domains.  
 
2.6.3 Correlates of snacking  
A review of the literature was conducted to examine the correlates of 
snacking in young adults aged 18-30 years. To be included in the review each 
article was required to meet the following criteria: 1) original peer-reviewed 
research published in English, 2) mean age of participants between 18-30 years, 
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or aged 18-30 years at baseline for longitudinal studies, for studies that did not 
report a mean age, the participants needed to be referred to as university or 
college students; 3) participants free from disease and community-dwelling, 4) 
measure of snacking or eating frequency 5) correlate of snacking reported, 6) 
study design was one of the following: randomised controlled trail, prospective 
cohort study, case-control study, nested case-control study, cross-sectional study 
or longitudinal study. Due to the limited research in this area, qualitative studies 
were also reviewed.  
The following section will describe the identified correlates according to 
the social-ecological framework (63). 
 
Individual influences  
Of the 35 studies included in this review, 23 studies assessed correlates 
from the social-ecological framework that could be considered individual 
correlates. These included sex, ethnicity, BMI, education, physical activity, 
smoking status, nutrition knowledge, psychological wellbeing and a list of 
perceived cognitive influences. 
Sex 
Sex was reported as a correlate of snacking frequency with conflicting 
results. Studies examining the snacking rates of American, Malaysian and Greek 
young adults have found no association between sex and snacking (84, 191, 192). 
While a study of Lebanese university student reported daily intake of snacks was 
more common in females compared to males (56% vs 50% respectively) (184). 
Similar results have been reported in a Japanese study with snacking frequency 
significantly higher in females (31%) compared to males (12%) (107), with similar 
results seen in Croatian (193) and Tanzanian studies (194). In comparison, a 
French study reported males to be more likely to consume a higher mean number 
of snacks daily compared to females (195).  
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Ethnicity 
Snacking frequency was assessed in a range of ethnicities with those from 
Bulgaria more likely to snack more frequently than those from Germany or Poland 
(196).  
Body Mass Index (BMI) 
Body Mass Index was reported to be associated with snacking frequency in 
several studies. This relationship may be bi-directional and it is unclear whether 
BMI is a determinant or outcome of snacking in cross-sectional studies.  Weight 
status has however been reported to have no effect on consumption of snacks in 
studies of USA and Malaysian undergraduate students (197, 198). However, other 
studies have reported that individuals with higher BMI are likely to have a higher 
snack frequency (199, 200). In contrast, a study in Croatian university students 
found that those with a higher BMI were less likely to have a higher mean number 
of daily snacks (193). 
Education 
A study by Driskell et al. (201), in university students found students in 
upper-level university (juniors/seniors) were more likely to have a higher snacking 
frequency compared to those in lower-level (freshmen/sophomore) years (201), 
with similar results seen in a Tanzanian study (194). 
Physical activity 
Exercise was associated with greater snack consumption when examined 
in qualitative interviews conducted with university students. The higher snack 
consumption was linked to a higher caloric intake needed whilst exercising. Some 
students reported feelings of being able to eat anything they wanted after 
exercising (202).  
Smoking status 
Female university students who smoked were less likely to have a higher 
snacking frequency compared to those female students who did not smoke (203).  
Nutrition knowledge 
Korean university students who had higher nutritional knowledge were 
less likely to snack compared to those students with a lower nutrition knowledge 
score (204). 
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Distracted eating 
Studies conducted in young adults have also showed a positive association 
with numbers of hours per day watching television (TV) and snacking frequency 
with “medium” to “high” viewers of TV (“high” ≥ 4 hours per day, “medium” 1-4 
hours per day) snacking more frequency than “low” TV viewers (205). Hours spent 
watching TV have also been linked to the energy density of snacks, with those 
who watch more TV more likely to eat snack foods of a high energy density (142). 
Psychological wellbeing 
A study looking at the relationship between snacking frequency and stress 
in college students found those that reported a high number of hassles per day 
were more likely to have a higher snack frequency compared with those who 
reported a lower number of daily hassles (206). 
Individuals who were depressed were more likely to have a higher snacking 
frequency (207).  
Perceived cognitive influences 
Hunger: Hunger was reported as the second most influential factor when 
selecting a snack food from a vending machine in a sample of university students 
(51%) (208). 
Taste: A study in university students from both Greece and Scotland 
reported taste to be the major determinant of snack choice for both ethnicities 
(52% and 75% respectfully) (209). Taste was also ranked as the most important 
influence when selecting a snack food from a vending machine (55%) (208). 
Money: Qualitative interviews with university students have identified 
food prices (cost) as an influence of snack consumption (202). With many 
identifying unhealthier foods e.g. fast food restaurants as being less expensive 
than preparing healthy snacks.  
 
Social-environmental influences  
Of the 35 studies included in this review, four studies assessed a correlate 
that could be considered a social-environmental correlate. The correlate 
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examined was social interaction or the influence of the presence of other people 
during snacking occasions.   
Social interaction 
Presence of other people during snacking occasions has been reported to 
be associated with snacking frequency with mixed results. Studies of young adults 
looking only at unhealthy snack foods (popcorn, candies, and cookies) found a 
positive associations between their own snacking frequency and the snacking 
frequency of those present at the eating occasion (210-212). Contrasting results 
are seen with regards to healthy snack foods (cucumber, carrots) with no 
association seen between snacking frequency and snacking frequency of those 
present at the time of eating (213). 
 
Physical-environment influences 
Of the 35 studies included in this review, eight studies assessed correlates 
that could be considered physical-environmental correlates. These included 
rural/urban living environments, housing type, availability of foods and eating 
location.  
Rural/urban living environment 
Young adults living in an urban area were more likely to report a higher 
snacking frequency compared to those living in rural areas, in a study of 
Tanzanian university students (194).  
Housing type 
Associations between housing type and snacking frequency showed mixed 
results. Multiple studies of American young adults have identified no association 
between snacking frequency and various living situations (living with parents, 
renting an apartment/house or living on a campus at college) (174, 214). Similar 
results were seen in a study in Greek university students, with no difference seen 
in the mean consumption of savoury snacks between those who lived at home 
and those who lived away from home (215). Another study however, found a 
positive association between living in the family home and the consumption of 
high fat snack foods when compared to those living independently (18-25 years) 
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(216). In comparison, another study found a positive association between males 
living in dormitories with on-site dining halls and snack frequency when compared 
to males living in dormitories without on-site dining halls (172).  
Availability of foods 
A qualitative study examining the factors influencing university students’ 
snacking behaviours reported the availability of snacks as the strongest influences 
on snack consumption (217). The selection or availability was ranked as the third 
most important influence on snack choice (47%) in a study of American university 
students (208).  
Eating location 
Fast food restaurants were identified as a place for “a simple meal or 
snack” by 84% of a college student sample from both Korea and the Philippines 
(218). Energy intake trends according to eating location have shown an increase in 
energy coming from restaurant/fast food locations, where the percentage of EI of 
snacks of young adults steadily increased by almost 100% between 1977 and 1996 
(219).  
 
Overview 
In conclusion, snacking frequency is influenced by a range of correlates. 
The majority of these correlates are found within the individual domain of the 
social-ecological framework (n=10), with less in both the social-environmental 
domain (n=1) and physical-environment (n=4) domains.  
 
2.6.4 Summary 
Meal skipping and snacking eating patterns are multidimensional 
behaviours and appear to be influenced by a wide range of correlates within the 
individual, social-environmental and physical-environmental domains of the 
social-ecological framework. Meal skipping was influenced by 13 correlates with 
slightly more reported for snacking (n=15). Both eating patterns (meal skipping 
and snacking) identified the most correlates from the individual domain of the 
social-ecological framework with 10 correlates per eating behaviour. Table 2.1 
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provides an overview of the correlates for each eating pattern. Common 
correlates between the two eating patterns were sex, ethnicity, BMI, education, 
physical activity, psychological wellbeing and perceived cognitive influences from 
the individual domain and rural/urban living environments and housing type from 
the physical-environmental domain of the social-ecological framework.  
 
Table 2.1 Correlates of meal skipping and snacking grouped according to the social-
ecological framework  
Correlate Meal skipping Snacking 
Individual influences  
Sex √ √ 
Age √ NR 
Ethnicity √ √ 
BMI √ √ 
Education √ √ 
Menstrual regularity √ NR 
Physical Activity √ √ 
Internet Use √ NR 
Smoking status NR √ 
Nutritional knowledge NR √ 
Distracted eating NR √ 
Psychological wellbeing √ √ 
Perceived cognitive influences √ √ 
Social-environmental influences  
Desire to be sociable √ NR 
Social interaction NR √ 
Physical-environmental influences  
Rural/urban living environment √ √ 
Housing type √ √ 
Availability of food items NR √ 
Eating location NR √ 
√= Reported, NR= Not reported  
 
The present meal skipping and snacking reviews have a number of 
strengths. Both reviews represent the first attempt to collate the literature on the 
correlates of eating patterns. The use of an established framework (social-
ecological framework) for reporting eating behaviour correlates (63) is also 
regarded as a strength of these reviews.   
Important limitations of these reviews include the lack of consistency in 
the definitions and the measurement of both eating patterns (meal skipping and 
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snacking). Definitions of meal skipping varied from consuming three meals on <2 
days/ week, failing to report a meal in a food diary, to answering yes to “Do you 
skip meals?” Similarly, the definitions of snacks varied with multiple guidelines 
used to identify a snacking occasion; convenience foods (204), time of day (26), 
type of food consumed (124), amount consumed, location of consumption or a 
combination of these factors (125-127). This limitation is paralleled in the field of 
eating patterns in general (38). 
Multiple methodologies were used to measure each eating patterns. Meal 
skipping was measured using consecutive day food diaries, single day 24-hour 
recalls, food frequency questionnaires (FFQ) and surveys, while the measurement 
of snacking frequency included the use of 24-hour recalls (84), FFQs (196, 220), 
questionnaire items (174, 204), food diaries (206) and laboratory consumption 
methods (221). Questions within these methods that were designed to evaluate 
respective eating behaviours were not consistent between studies with 
continuous scales, binary and categorical responses options utilised. Each of these 
dietary assessment methods have their own strengths and weaknesses (explained 
in more detail in subsequent sections (2.7.1, 2.7.2, 2.7.3)), with most aimed at 
capturing dietary intake rather than the omission of eating occasions, which 
diminished their reliability in measuring meal skipping (222). The inconsistencies 
in definition and measurement limited the ability to compare the findings 
between studies.  
Many studies included in these reviews measured the association between 
correlate and outcome e.g. meal skipping or snacking. Others however required 
participants to rank potential correlates against other potential correlates. Many 
influential correlates however, are not always able to be consciousness identified 
by participants (223), with results therefore, limited to correlates that are able to 
be reported by the participants and are only those considered as viable and 
influential. It has been reported that approximately half of all food consumption 
correlates are habitual (224-226), with a recent meta-analysis suggesting that 
habits exert a moderate to strong effect on total food consumption behaviours 
(227). Habitual influences are increasingly hard to consciously report with a 
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limited number of conscious eating decisions made daily (147). It was not 
reported if these ranking questions were open ended or a pre-determined list of 
possible influential correlates, further biasing results to correlates previously 
identified by the researcher and decreasing the identification of unconscious 
correlates. 
Another important limitation of the existing evidence is the lack of 
research conducted in community-dwelling populations, with the majority of 
studies conducted in university or college samples (163, 165, 186, 188). Samples 
sizes of included studies were also small with majority of studies examining 
populations <150 individuals (99, 168, 182, 186). This limits the generalisability of 
results to the wider population of young adults who do not attend further 
education facilities such as universities or colleges.   
Interestingly, none of the studies reported the relationship between meal 
skipping and snacking. Research in adolescents has shown that those who snack 
on the run, on the way to or from school, all day long or in the middle of the night 
were more likely to skip meals (228). Limited research has assessed this 
relationship, with early research suggesting a possible link between the two eating 
patterns.  More conclusive research is required to fully understand the 
mechanisms and concepts between meal skipping and snacking behaviours.  
Finally, few studies reported misreporting rates or if any statistical 
procedures were followed to control for these.  All methods and definitions of 
meal skipping and snacking are subject to reporting biases resulting in either 
under-reporting or over-reporting (229-231). It is important to assess diets 
accurately to provide reliable data to improve interventions and policy efficiency 
both at the individual and population level. Appropriate statistical methods can be 
employed to correctly identify under, over and adequate EI reporters and need to 
be used within dietary assessment research to ensure accurate conclusions are 
made.  
Further research is required to understand and examine correlates of meal 
skipping and snacking behaviours in young adult populations. Future research 
would benefit from consistent definitions and measurement methodologies, 
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controlling for EI misreporting, and sampling of a community-dwelling sample 
rather than university students. The current available literature is limited in its 
approach in measuring eating patterns and would benefit from further 
development of methods and approaches to assess eating patterns. The following 
section will highlight the application of dietary assessment to the study of eating 
patterns.   
 
2.7 Dietary assessment methods: and application to the 
measurement of eating patterns 
Dietary assessment is a process designed to evaluate the types and 
amounts of foods a person or population consumes (232). The purpose of dietary 
assessment may be to measure different components of diet, with a number of 
different exposures of interest. As shown in Figure 2.1, these may include 
individual nutrients, food items, meal/snack (eating occasions), and eating 
patterns such as meal skipping or snacking and/or total dietary intakes. These 
components can be collected for a range of reasons including, national 
monitoring and surveillance, assessment of a diet for individual counselling, 
evaluation of interventions or examining relations between diet and disease or 
determinants of dietary intake (233).  
Currently, there are multiple methods available for dietary assessment and 
all have a number of advantages and disadvantages. Ideally, dietary assessment 
methods should be quick to complete, inexpensive to administer and analyse, 
easy to interpret and should accurately measure their target exposure (5). The 
most commonly used dietary assessment methods used in research studies are 
outlined in Table 2.2. Each method will be briefly described with its potential 
application to the study of meal skipping and snacking explored. Less frequently 
used methods (dietary checklists, diet history, observations, duplicate diets and 
nutritional biomarkers) (234) have been briefly summarised in Appendix 2B for 
completeness, but a detailed description is beyond the scope of this thesis. 
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Table 2.2. Commonly used dietary assessment methods  
Common methods Explanation 
Food diaries Records details of food and drinks at the time of consumption (5). 
24-hour dietary 
recall 
Individuals interviewed about their food and drink consumption over the 
previous 24-hours (235). 
 
Food frequency 
questionnaire 
Designed to assess habitual eating patterns by asking about frequency of 
food items or groups over a period of time (235).  
 
2.7.1 Food frequency questionnaires 
Food frequency questionnaires are commonly used in epidemiology 
studies, and are designed to assess usual eating habits over recent months or 
years by using a list of foods relevant to nutrients or foods of interest (235). The 
participant then indicates their consumption over the designated period of time 
on a frequency scale (235). 
Food frequency questionnaires have several methodological design 
strengths. They are useful for large studies as they are relatively inexpensive and 
easy to administer and collate (235). Multiple platforms are used to distribute 
FFQs, for example, they can be self-administered online or on paper or 
interviewer-administered in person or over the phone. Another strength of FFQs 
is their capability to collect usual intake over a long period of time which is unique 
to this method.  
Despite multiple strengths, FFQs have a number of limitations. Due to 
their retrospective nature, FFQs rely on the participant’s ability to accurately 
remember average or usual intakes including portion sizes over a set period of 
time, often up to one year prior (235). This may be complicated when food 
knowledge is limited or intakes change during the reference period (236). The 
number of food categories incorporated varies widely within FFQs, with debate 
over the adequate number to understand differing cultures and households (235). 
Due to their inability to focus on specific eating occasions, eating patterns such as 
meal skipping or snack consumption are not typically collected via this method. As 
respondents are required to complete FFQs based on usual or average intakes 
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over a specific time-period, contextual information i.e. the immediate 
environment of each eating occasions of specific eating (e.g. location, preparation 
time, social involvement) (37) of specific eating occasions are not recorded. 
Overall, FFQs offer a convenient method for measuring long-term dietary intake 
of a large population at relatively low cost. They are however, unable to provide 
information on eating occasions (meals or snacks), including frequency and 
contextual information.  
 
2.7.2 Twenty-four hour dietary recall 
Twenty-four hour dietary recalls are a report of all food and beverages 
consumed over the previous 24-hours, and are facilitated by a trained 
interviewer. Interviewers use a systematic, structured set of open-ended 
questions probing for an accurate account of all food and beverage items and the 
amounts consumed (235). Ideally recalls are administered without prior warning, 
to limit changes in behaviour and dietary intake (235).  
The 24-hour recall method has a range of advantages and limitations. The 
principal advantages are its speed and reduced burden for the participant. Each 
interview may take between 30-60 minutes of the participant’s time. These 
characteristics make this method suitable for use within large-scale population 
studies (237). Limitations of this method however are the ability of the participant 
to accurately recall both portion size and all consumption from the previous day. 
It is also susceptible to unreliable estimates of an individual’s usual intake, due to 
day-to-day variation, unless multiple recalls are used.  Another issue related to the 
24-hour recall method is the high researcher burden involved in conducting one-
on-one interviews (235).  
In its traditional format, 24-hour recalls have a number of limitations that 
limit their ability to assess eating patterns. Studies, which have used 24-hour 
recalls to assess meal skipping, have defined meal skipping as the failure to report 
a meal during the previous study day period (94, 98-100). Due to the episodic 
nature of meal skipping this can be missed when only a single 24-hour recall is 
administered. Retrospective memory recall, single day administration and 
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participant recall bias limit this methods ability to accurately assess eating 
patterns (235). Future use of the 24-hour recall method to accurately assess 
eating patterns would also require repeat administration and additional questions 
to specifically measure meal skipping rates. Snacking frequency can be assessed 
via this method, with researchers able to apply their own definitions to a snacking 
occasion from the data collected. Multiple pass methods are used to increase 
accuracy of reporting eating occasions between meals (238). The collection of 
contextual details of eating occasions is not routine, but has been implemented in 
some applications (239, 240). 
In conclusion, 24-hour recalls offer a useful dietary assessment method 
capable of collecting daily dietary intake and snacking behaviours with low 
participant burden.  However, in their current form fail to collect details of meal 
skipping behaviour and limited contextual information of eating patterns, and 
place increased burden on researchers.  
 
2.7.3 Food diaries 
Food diaries are a common method of dietary assessment, in which 
participants record all food and beverage consumed over a designated time 
period, usually between 4-7 days (5). Diaries (also referred to as records) include a 
description of the food item and the amount consumed, either via weighed 
measures prior to consumption or estimated measures (often in household units). 
Food diaries aim to minimize error from incomplete memory as they encourage 
data collection in real time (234). For this method to provide a measure of usual 
intake of an individual, multiple reporting days are required. A single reporting 
day does not account for day-to-day variation and intake of occasionally 
consumed foods. Non-consecutive reporting days are used to control for 
correlated intakes seen in consecutive day data collection (5, 241). 
In their current format, food diary methods have multiple limitations. Due 
to their continuous repetitive nature many participants find food diaries 
burdensome (242). Due to the high participant burden associated with this 
method participants may be more inclined to mis-report or change their actual 
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intake (reactivity) (5). The weighed method in particular may lead people to 
change their actual intake due to its time-consuming nature thus providing an 
inaccurate account of actual consumption (238). If used within research, there 
may be a potential for recruitment bias as frequent record keeping can 
discourage participants from participating, or alternatively it may result in higher 
levels of attrition (5).  
In its traditional format, food diaries do not directly measure meal 
skipping. Previous studies that have used food diaries to measure meal skipping 
have presumed that if a meal was not recorded in a food diary it was skipped 
(171). This may however over estimate meal skipping due to participant failure to 
report all eating occasions, rather than true meal skipping. Food diaries could be 
modified to measure meal skipping, with additional questions regarding 
misreporting and meal skipping prevalence. 
Snacking frequency may be measured by food diaries as they aim to 
capture all eating occasions throughout the day. In addition, this method offers 
multiple options for how a snacking eating occasion can be defined, thus 
providing the researcher with multiple possibilities for data analysis. As discussed 
previously, snacking eating occasions can be defined based on the time between 
eating occasions, energy content, food type and time of day (38). As data is 
collected in real time, contextual information surrounding each eating occasion 
can also be recorded.  
In conclusion, food dairy methods provide a method of dietary assessment 
that is capable of capturing energy and nutrient intakes of specific eating 
occasions (meals and snacks) in real time. With specific alterations and additions, 
food diaries can be used to assess meal skipping, snacking and contextual 
information surrounding eating occasions.  
 
2.7.4 Summary 
Multiple dietary assessment methods have been discussed in relation to 
their application to the assessment of eating patterns (meal skipping and 
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snacking) and their contextual data. Of the available approaches (FFQs, 24-hour 
recalls and food diaries), food diaries are the most suited for studying meal 
skipping and snacking patterns with contextual details. Although food diaries offer 
the most promise in measuring eating patterns such as meal skipping and 
snacking and their associated contexts, current food diary formats have high 
participant and researcher burden. Due to the inherent complexities in assessing 
what people eat, the field of dietary assessment has looked to technology to 
assist in measuring food intakes. 
 
2.8 Use of technology in dietary assessment  
Dietary assessment methods available today contain both inherent and 
extrinsic methodologic problems. Advances in technology have made more 
sophisticated techniques available for the accurate recording of dietary intakes 
with the potential to address current methodologic limitations (243). Information 
and communication technologies offer platforms for data collection that are 
capable of being conducted in real time by repeated sampling of a person’s 
behaviours and experiences within their natural environments, a process known 
as ecological momentary assessment (EMA) (244). The use of technology in 
dietary assessment methodologies aims to limit recall bias, maximize validity and 
allow the study of micro-processes that influence behaviours in real-world 
contexts (244).   
 Computers, handheld personal digital assistants (PDA), and mobile 
phones have the potential to overcome many of the limitations seen in pen and 
paper dietary assessment platforms. These delivery platforms are capable of EMA, 
and lower both researcher and participant burden associated with traditional 
methods of dietary assessment such as pen and paper food diaries. Novel 
technologic methods have the potential to not only reduce both researcher and 
participant burden by decreasing costs and resources associated with data 
collection, coding and reporting but also improve adherence and 
communications, automate and standardise coding and also improve data quality 
by reducing measurement error and bias (245-247). To date, applying technology 
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in dietary assessment has primarily focused on introducing improvements relating 
to data entry and mode of administration (e.g. mobile and web-based tools) 
(248), improvements relating to coding and analysing food intake (249) and 
augmentation of data collection (e.g. use of wearable devices/cameras) (250-
252).  
The daily use of technology such as computers or mobile phones, is 
making these items an essential commodity throughout the world (253), with use 
of portable devices in Australia increasing by 104% between 2011 and 2012 (254). 
Young adults are major users of mobile phones; 98% of Australian 18-34 year olds 
used a mobile phone during 2012 (254). The majority of Australian young adults 
(74%) own a mobile phone, more than any other age group with levels continuing 
to rise (254), thus highlighting mobile phones as a suitable and convenient 
platform for collecting dietary assessment data in real time.   
 
2.8.1 Smartphone methods 
Smartphones and Android tablets are the newest forms of mobile phone, 
capable of more advanced computing and connectivity than previous devices. This 
connectivity provides an opportunity for constant linking and networking 
throughout the internet. Along with increased connectivity, Smartphone devices 
offer a range of additional extras not previously available or of a high standard 
compared to previous mobile phones. Additional extras include internet access, 
voice recording options, longer battery life, high quality image collection facilities, 
and the capacity to download applications (commonly known as apps). These 
additional functions provide further rational for the use of Smartphones as a 
suitable, convenient, capable platform for dietary assessment.  
A recent review focusing on the existing methods for documenting food 
intake, highlighted Smartphones as a popular platform for dietary data collection 
compared to other methods such as personal computers, and personal digital 
assistants (255). Another recent review, focusing on the feasibility and validity of 
Smartphones to assess dietary intake concluded that mobile phone dietary 
assessment methods have comparable validity or reliability when compared with 
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traditional assessment methods, such as 24-hour recalls (243). This review (243) 
and individual studies have highlighted the high level of satisfaction from 
participants when using a Smartphone methods compared to a more traditional 
paper-based methods (243, 256).  
The use of Smartphones as a dietary assessment platform may have a 
number of advantages with the potential to reduce participant burden being the 
most important. For example, a review of Smartphone platforms saw a reduction 
in the time taken to report eating occasions (257, 258) with evidence suggesting 
that the reporting of dietary intakes over longer study periods could be possible 
with Smartphone platforms (257-259). The convenience of Smartphones make 
documenting eating occasions in real time possible, with literature reporting that 
Smartphones are checked up to 34 times per day by their owners (260). This 
constant checking and usage during the day suggests Smartphones are available 
at most eating occasions throughout the day (253). Smartphones offer an 
attractive, convenient method of capturing real time eating occasion data 
minimising disruption to participants’ life, and have the potential to transform 
current dietary assessment methodologies. 
Previously, dietary assessment studies have provided participants with a 
PDA or study mobile phone to document their food and beverage consumption in 
both image based (261, 262) and electronic food diaries (258, 263-267). This 
novel approach provided accurate results when compared to written records in 
terms of their ability to document EI (264, 265). The use of PDAs eliminates 
subsequent data entry, and can provide real time feedback as well as date/time 
stamps and reminders. The studies that provided study devices, for example, 
Wellnavi method (263) were commonly developed or delivered prior to the 
widespread use and ownership of Smartphones in a range of populations such as 
adolescents (267). The provision of these devices can be seen as a limitation due 
to the inconvenience associated with constantly carrying this foreign or additional 
device. One recent study has however documented the willingness of young 
adults to carry a foreign device however this was only assessed over a week long 
period (268). An alternative approach would be the downloading of a specifically 
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designed dietary assessment programs, or app, to the participants own 
Smartphone. This method offers a cheaper alternative to providing participants 
with devices and has a lower participant burden than carrying a foreign device.  
2.8.2 Smartphone applications 
The growth in use of Smartphones has led to an explosion in the 
development and use of apps. Currently there are more than 700,000 apps 
available for sale or download, with the average Australian Smartphone user 
having 25 apps on their own Smartphone or device (269). All Smartphones have 
the capacity to download apps from their respective app stores (e.g. Google play 
or the iTunes app store). Apps are used daily by individuals with Australian 
Smartphone owners spending almost 35 hours per month on apps during August 
2015 (269). These apps can be downloaded quickly onto the individuals own 
phone, and can be easily synced with the Smartphones image collection, video or 
voice recording functions.  
Food diaries in the form of Smartphone apps have been used in recent 
literature, with studies by Carter et al., and Rangan et al., developing My Meal 
Mate (MMM) (270) and Electronic dietary intake assessment (e-DIA) (271) 
respectively. Each method was independently validated against 24-hour recall 
methods, with both MMM and e-DIA producing good agreement between energy 
and macronutrient intakes. Bland-Altman plots showed minimal bias with wide 
limits of agreement, suggesting these methods are unsuitable to accurately 
estimate intake at an individual level but rather more suitable at a population 
level (270, 271). Both MMM and e-DIA were not designed to capture contextual 
information surrounding eating occasions nor to measure eating patterns such as 
meal skipping and snacking. Each app was however accepted by participants as a 
suitable method for collecting dietary intake (270, 271).  
 
2.8.3 Smartphone images capabilities 
An important aspect of Smartphone devices is their ability to capture high 
quality images. Evidence suggests that Smartphone users greater than 18 years, 
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frequently use their smart device to capture images, with 83% of users taking 
images on their Smartphone as opposed to only 33% of non-Smartphone users 
(254). This may be a result of increased connectivity and ability to share one’s 
experiences instantly via the internet, along with the capability of the cameras 
within Smartphones to produce high quality images.  
Capturing images of foods and beverages via Smartphone technologies 
offers an additional method of capturing eating occasion data. Images have been 
incorporated into traditional Smartphone food diary formats, with methods such 
as Wellnavi (258, 263, 267), Mobile Telephone Food Record (MTFR) (261, 272-
274), Mobile Device Food Record (MDFR) (275), Food Record App (FRAPP) (276) 
Selected Nutrient and Diet Quality (SNaQ) (277) and Nutricam Dietary Assessment 
Method (NuDAM) (278) utilising images as part of their data collection. In addition 
to recording a text description of food and beverage consumption, users also 
capture images of all foods and beverages consumed. The accuracy of written 
food diaries has been shown to increase with the addition of images (279-281). 
To combat the burden of reporting written descriptions in addition to 
taking images, recent studies are using images as the sole format for collecting 
dietary assessment data and are referred to as photographic food diaries. 
Methods such as the Remote Food Photography Method (RFPM) (262), Digital 
image-based food record (DIFR) and Photographic Food Record Method (PFRM) 
(242) are methods which rely solely on image collect as and can be used in the 
participants’ own home. Similar methods have been used in school cafeterias to 
assess children’s’ school lunch consumption (282, 283). Images have also been 
used as a memory prompt for 24-hour recalls in Food on film (284) and Nutrition 
Data System for Research (285) methods. When photographic food diaries were 
compared with traditional paper-based written food diaries participants found the 
photographic method quicker, simpler and preferable for future dietary 
assessment (242).  
 
These studies document multiple measures used to help ensure high 
quality data from dietary assessment imagery. To aid in the control for errors in 
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portion size estimation from images, previous studies have used a “fiducial 
marker” – standardized items which are required within every food and beverage 
image. This item provides a standard reference point to help determine portion 
size (256, 261, 286), can aid in automated photo analysis through facilitating the 
camera calibration process (287). Examples of fiducial markers include 
standardized sized chopsticks, coins, place mats, memory sticks or standardised 
cards often coloured or patterned is specific patterns to assist with geometric 
analysis of food items (256, 261, 286). Camera angle whilst taking the images has 
been standardized to help provide an accurate overview of what has been 
consumed (288). The techniques employed during image taking are important 
during the coding of the dietary data. Coding of these images can take place via 
either a manual coding process by a trained study staff member or more recently 
the development of automated coding systems (274, 287, 289-292). 
 
Food photography analysis by trained staff 
Images taken by participants need to be accurately coded to calculate the 
energy or nutrient intake from each food item within the image. Previous studies 
have manually coded each food/beverage item within the image to an 
appropriate item within a food database based on nutrient composition and 
quantity (242, 282, 286, 288, 293). A limitation of this method is the cost and time 
associated with the analysis of the images by a trained nutritionist/ dietitian to 
determine consumption accurately. Nevertheless, this method however has 
produced accurate estimations of energy and nutrient intakes compared to 
methods such as weighted food diaries (242, 262, 263, 267, 288), 24-hour recalls 
(258, 286) and doubly labelled water (DLW) methods (278, 294, 295). 
 
Automated photo analysis 
Recent research has focused on developing a method of automating the 
coding of images produced by Smartphone food diaries (274, 287, 289-292). 
These novel programs use image based modelling to automatically estimate 
nutrient content of the food in the image. This method aims to minimise errors in 
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portion size assessment and decrease the researcher burden and cost associated 
with coding of the dietary data (287, 289). Despite the substantial cost associated 
with its development and validation, recent literature has reported increasing 
accuracy, when compared to an alternate method (296). 
This method however is not without limitations. Current computer 
imaging algorithms are not sufficiently advanced to accurately identify foods and 
correctly estimate the amounts of food in images with 100% accuracy (292, 297, 
298). Further work is needed to improve the accuracy and consistency of these 
methods, with previous studies reporting problems with the illumination and 
angle of the images (297), difficulties in detecting hidden ingredients, cooking 
method, colour and texture (292) and identifying ingredients of mixed dishes 
(298). Problems have also been reported when finding the best match among the 
multiple codes available in current nutrient databases (298). Therefore trained 
dietitians are currently required to oversee the adjustment of data, increasing the 
current cost of this method (296). Another limitation is the constant burden 
placed on participants to reminder to record all eating occasions prior to 
consumption with images. Recent research has evaluated varying methods of 
participant reminder messages. This study found messages which were 
personalised specifically to the individual resulted in more thorough dietary data 
collection, as opposed to generic reminder messages (296).  
 
2.8.4 Automated image collection 
Additional methods of dietary assessment utilising automated image 
capturing have emerged in previous years. These include SenseCam (252), Image-
Diet Day (299), and ebutton (300) which are wearable cameras that frequently 
takes images documenting food items, portion size, brand names and uneaten 
items (252, 299-302). Other devices with multiple additional sensors such as 
miniature video-cameras, microphones, chewing activity sensors and global 
positioning systems (GPS) are also being developed (303, 304). Limitations of 
these methods include participant error associated with the incorrect wearing 
and use of the device, with errors relating to software, battery life and image 
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quality also reported (252, 299, 301). An additional limitation of capturing images 
every 2-4 seconds is the privacy concerns of participants, with data collection 
placing the participant in compromising situations (e.g. using the bathroom). 
Images are therefore viewed by the participant before they are sent to the 
researcher, with inappropriate images deleted (299). This data checking is 
unavoidable however decreases accuracy of this method. Strengths of wearable 
cameras include their ability to capture contextual information of eating occasions 
and eating patterns with decreased participant burden associated with manual 
data collection. SenseCam has been used to measure contexts of eating 
behaviours in varying populations with findings suggesting that this method  may 
be a complementary tool in enhancing traditional self-report dietary assessment 
methods assessing contextual environments of eating occasions (252, 305).  
2.8.5 Summary 
Given widespread uptake and pervasiveness of technology such as 
computers and Smartphones, these technologies are becoming an important 
component in the development of dietary assessment methods. Previous 
research has highlighted the importance of images in dietary assessment and the 
additional accuracy of this format of data collection can add to traditional dietary 
assessment methods. The capacity of Smartphones’ extended battery life, high 
quality image collection methods, app capabilities and extensive use within the 
community makes this method a suitable and convenient platform for a novel 
format of real time dietary assessment. In conclusion, Smartphones offer a 
suitable platform for a dietary assessment method capable of capturing 
contextual data surrounding eating patterns in real time, whilst minimising both 
participant and researcher burden.  
 
2.9 Evaluation of dietary assessment methods 
As the use of novel methods increases rapidly within the dietary 
assessment arena, so do the number of methods which are created and not 
validated or evaluated. These new methods require adequate evaluation in 
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specific populations or environments to ensure they are measuring both food and 
nutrient intakes accurately. Without thorough evaluation, there is a risk that bias 
and error are not adequately considered and inappropriate conclusions are drawn 
from the dietary intake that are then used to inform future public health 
messages and interventions (306, 307).  
Assessing the validity of dietary assessment methods involves comparing 
the new or test method with another method, usually referred to as the reference 
method (308). The reference method may be in the form of a biomarker (such as 
doubly labelled water or urinary sodium levels). Validity of the new method is 
assessed in comparison to the reference methods’ ability to measure the same 
variable. In dietary assessment validation studies, the most commonly used 
variables are EI and energy expenditure (EE). Energy expenditure is commonly 
used as a proxy for EI in dietary assessment validation studies, assuming 
participants are in a state of energy balance (230).  
Doubly-labelled water is commonly used as a reference method for dietary 
assessment validation studies. Methods such as the RFPM (296), NuDAM (278) 
and Tool for Energy Balance in Children (TECH) (294, 295) have all assessed their 
respective methods for EI against DLW (Table 2.3). When comparing EI compared 
to EE captured by DLW across methods; NuDAM under-reported EI, TECH 
adequately reported EI and RFPM documented both under-reporting and 
adequate-reporting depending on the kind of participant prompts used 
throughout the study. The RFPM method using customised prompts (participant 
or meal specific reminder messages) provided a comparable EI compared to DWL. 
While, the RFPM using standard prompts (general reminder message) under-
reported EI when compared to EE captured by DLW. Each method discussed was 
assessed in different populations and used varying data collection methodologies. 
For example, NuDAM was assessed in type II diabetic adults and used both an 
imaged-based dietary record accompanied by a follow-up phone call (278), TECH 
was assessed in children (mean age 5.5 years) and their parents, with the parents 
taking images of their children’s food intake (294) and RFPM was assessed in 
obese adults 18-54 years and relied on portion size estimations from captured 
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images (296). The variation in study samples and EI collection methods makes 
comparisons between studies difficult.  
 
Table 2.3 Comparison of dietary assessment methods which have used doubly 
labelled water as their reference method 
Method Energy intake 
compared to energy 
expenditure 
measured by Doubly 
Labelled Water 
Population Data collection 
methodologies 
Remote Food 
Photography Method 
(296) 
Adequately reported 
with customised 
prompts1 
Under-reported with 
general prompts2 
 
Obese adults 18-54 
years 
Image based 
Nutricam Dietary 
Assessment Method 
(278) 
 
Under-reported Type II diabetic adults Image based with a 
phone call follow up 
Tool for Energy 
Balance in Children 
(294) 
Adequately reported Children (mean age 
5.5 years) and their 
parents 
Image based – images 
taken by parents 
1Customised prompts = participant or meal specific reminder messages 
2Standard prompts= general reminder prompts 
 
Each reference method has limitations. Doubly labelled water is costly to 
administer, invasive and requires trained personal and specialised equipment for 
analysis (309). Participant recall and the associated human memory bias limit 24-
recall methods (310), while weighed and estimated food records are limited due 
to their high participant and researcher burden (311-313). Recently, however, the 
SenseWear Armband (SWA) has been shown to be an accurate, reliable and less 
burdensome method compared to DLW for measuring energy expenditure (MEE) 
(314-317). 
The SWA is a multi-sensor monitor, tri-axial accelerometer, heat flux, 
galvanic skin response, skin and near-body ambient temperature sensor that is 
worn on the left upper arm over the triceps muscle and is validated for use within 
numerous populations, health conditions and exercise intensities (318-323). The 
SWA measures activity level, calories burned, sleep patterns, steps, upper and 
lower body activity, the increased effort of load bearing activity and the change of 
grade and non-ambulatory physical activity.  The monitor is small in size 
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unobtrusive and does not alter normal patterns of motion of activity (324). The 
SWA is required to be worn for seven days excluding water-based activities. This 
period controls for day-to-day variability in exercise and MEE, (325), and has been 
validated for this period in previous studies (322).  
Validation studies evaluating SWA have used DLW as a reference measure, 
with strong agreement found between the two methods. A study comparing EE 
measured by SWA, ActiHeart monitors and DLW in obstructive pulmonary disease 
adult patients concluded that SWA measured EE more accurately then ActiHeart 
monitors. Strong agreement was found between EE measured by the DLW and 
the SWA but not between ActiHeart monitors and the DLW (323). Similar results 
have been reported in healthy populations, with significant agreement (ICC 0.70-
0.89) found between EE measured under free-living conditions by SWA and DLW 
(315). In addition, a study in children has also assessed the relationship between 
EE measured by SWA and DLW and reported strong agreement between the two 
methods (326). Other studies that have been used to validate the SWA have used 
metabolic carts or VO2 machines such as Oxycon Mobile (319, 320, 322). Results 
from these validation studies suggest that SWA is a reliable method for accurately 
assessing EE in free-living populations, producing comparable EE measurements 
to multiple other used methodologies.  
Many studies have found good agreement between SWA and reference 
methods of energy expenditure (318-323), one recent study however found poor 
agreement between EE measured by the SWA and indirect calorimetry (327). This 
study was conducted in rugby union players during intermittent exercise and 
recovery sessions, implying SWA may not be suitable for EE measurement in sub-
elite athletes and measuring specific differences in high intensity physical activity. 
The SWA does however provide a feasible, valid tool for the assessment of free-
living EE in non-athlete population, which can be used to evaluate dietary 
assessment methods.   
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2.10 Conclusion and aims 
The aim of this review was to identify and critically analyse previous 
literature surrounding the eating patterns of young adults. Young adulthood, is a 
unique developmental phase defined as one of transitions and the development 
of independence (52, 174). Research suggests that young adults engage in poor 
eating behaviours compared to other age groups, with regular meal skipping (328, 
329) and the frequently consumption of snack foods (43) identified as common 
eating patterns for this age group. These eating patterns have been associated 
with poorer diet quality (92), lower intakes of total energy, vitamins and minerals 
(93-95), increased risk of central adiposity (26, 27), markers of insulin resistance 
(27, 111) and cardiometabolic risk factors (27, 112). Despite the significant health 
implications of meal skipping and snacking and their higher prevalence among 
young adults, limited research has investigated correlates of these unhealthy 
eating behaviours.  
Guided by previous health behaviour models such as the social-ecological 
framework developed by Story et al. (63), this review provided an overview of 
correlates reported to be associated with meal skipping and snacking in young 
adults. Correlates of meal skipping and snacking were identified across three 
domains of the social-ecological framework including sex, education, and physical 
activity from the individual domain, relationship status from the social-
environmental domain and housing type from the physical-environmental 
domain. The comparison of included studies was complex due to the multiple 
limitations identified within these studies. Limitations included the lack of 
consistent definitions and measurement techniques for both eating patterns 
(meal skipping and snacking), a lack of community-dwelling young adult samples, 
and a lack of accounting for dietary intake misreporting. Further exploration of 
the correlates associated with these eating patterns in young adults is required 
that utilises appropriate dietary assessment methodology and consistent 
definitions is required. 
This review also discussed current dietary assessment methods and their 
respective strengths and limitations. Food diaries were identified as the most 
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suitable method of assessment, with minimal amendments required to ensure 
that they are capable of capturing eating patterns such meal skipping and 
snacking. Food diaries are also able to collect contextual information of individual 
eating occasions in real time with low researcher burden. The use of electronic 
technology particularly Smartphones was proposed as an acceptable and 
convenient dietary assessment platform that minimised participant and 
researcher burden.  
This review highlighted some major gaps in the present evidence base. 
Firstly, there are limited dietary assessment methods available that are suitable 
for the measurement of food intake, eating patterns and their contextual factors, 
which have low participant and researcher burden. In addition, even fewer studies 
have evaluated the novel methods of dietary assessment against a validated 
method. Secondly, the measurement of eating patterns such as meal skipping and 
snacking are currently poorly conducted and reported, with multiple 
methodologic limitations in dietary assessment tools available to measure these 
behaviours. Thirdly, limited research has examined the correlates of eating 
patterns of meal skipping and snacking, particularly in a young adult community-
dwelling population.  
To address these research gaps, the overall aim of this thesis is to describe 
and understand the eating patterns (meal skipping and snacking) among 
Australian young adults aged 18-30 years and the correlates associated with these 
eating patterns.  
The specific aims of this thesis are: 
• Evaluate the capability of a Smartphone food diary app to measure food 
intake and contextual factors of eating occasions in real time, using a 
validated objective method for assessing energy expenditure among 
young adults. 
• To qualitatively examine the self-reported correlates of meal skipping and 
snacking eating behaviours in young adults.   
• To quantitatively examine correlates of meal skipping and snacking in a 
young adult population. 
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To address these aims three studies were conducted and will be reported on 
in the following chapters. The first study aimed to develop and evaluate a novel 
method of dietary assessment, with results summarised in Chapter Three. The 
second study was a qualitative study investigating the self-perceived influences on 
meal skipping and snacking behaviours in young adults, with results summarised 
in Chapter Four.  The third study was a quantitative study investigating the 
correlates of meal skipping and snacking behaviours in young adults. Results are 
summarised in both Chapter Five (meal skipping) and Chapter Six (snacking).  
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Chapter 3: Evaluating an interactive Smartphone food 
diary* 
 
3.1 Introduction 
The development of accurate dietary assessment methods has been the 
focus of many research ventures within nutritional epidemiology (243, 287, 290, 
296). The most commonly used methods for assessing food intake are food 
diaries, 24-hour recalls, and FFQs (330). Food frequency questionnaires have been 
used widely due to their low respondent burden, however they are unable to 
assess a number of important dietary exposures relating to eating patterns and 
the eating context (331, 332). Only 24-hour recall methods, food diaries and 
records can provide the necessary data to examine eating occasions, however 24-
hour recall methods depend on episodic memory processes and are subject to 
recall biases (234).    
Due to the inherent complexities in assessing what people eat, the field of 
dietary assessment has looked to technology to assist in measuring food intakes 
(333). The use of technology has aimed to decrease subject burden, improve 
reporting by reducing measurement error and bias, and finally decrease the 
burden on researchers by decreasing costs and resources associated with data 
collection, coding and reporting (250). To date, applying technology in dietary 
assessment has tended to focus on introducing improvements relating to data 
entry and mode of administration (e.g. mobile and web-based tools) (248), 
improvements relating to coding and analysing food intake (249) and 
augmentation of data collection (e.g. use of wearable devices/cameras) (250-
252). 
 
*An extract of this chapter has been published in The International Journal of 
Behavioural Nutrition and Physical Activity, 2017; a copy of the manuscript is 
included in Appendix 3A.  
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The application of technology to food diaries has focused on adapting them 
for use with PDAs and Smartphones (263, 267, 270, 296), incorporating the use of 
images (with or without automated coding of intake) (273, 334-337), push 
notifications (296), voice recording options (338) and geo-coding via GPS location 
information (249). These developments have the potential to reduce researcher 
and participant burden, improve data quality, increase adherence, and provide 
real-time data collection and communication, whilst reducing the need for manual 
dietary coding (243, 245-247). Furthermore, this technology may reduce the total 
costs associated with dietary assessment and have the potential to increase the 
scope of contextual information collected about eating occasions (243).  
Smartphone technology, given its widespread uptake and pervasiveness, has 
provided new opportunities for nutrition research including dietary management, 
intervention tools (339-341) and the assessment of dietary intake, specifically 
through the development of electronic food diaries. A range of developments in 
electronic food diaries have been implemented which vary in complexity, 
depending on whether images are involved and whether coding is automated. For 
example, some electronic food diaries are primarily adaptations of paper-based 
diaries that allow text entry of food intake and require subsequent coding by 
trained staff (258, 267). Some food diaries, particularly commercially available 
apps such as Australian Calorie Counter – Easy Diet Diary (342), MyFitness-Pal 
(343), Tap and Track (344), My Diet Tracker (345), Hyperfit (346), Foodcam (347), 
MyNetDiary (348) and Im2Calories (349) are directly linked to food compositions 
database so that no coding by study personal is required. Other developments 
include the use of images to augment food descriptions (273, 334) or to allow 
automated coding by volume estimation (249, 289, 292, 296, 350). However, 
more research is required to validate the use of Smartphone food diaries for 
assessing dietary intake.  
Assessing the validity of dietary assessment methods involves comparing the 
new or test method with another method, usually referred to as the reference 
method. Existing electronic food diaries have been evaluated using a variety of 
methods as the reference method, including DLW (278, 294-296), 24-hour recalls 
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(270, 271, 351), weighed food records (258, 262, 263, 352) and estimated food 
records (257, 280, 353). Each method has limitations; DLW is high cost, invasive, 
and requires specialised equipment for analysis and trained personnel (309). 
Twenty hour-hour recalls rely strongly on participant recall and therefore have 
human memory bias limitations (310), while weighed and estimated food records 
are limited due to their high participant and researcher burden and misreporting 
(311-313). Recently, however, the SWA has been shown to be an accurate, 
reliable and less burdensome method compared to DLW for MEE (314-317). The 
SWA is a small multi-sensor lightweight device worn on the upper arm, which has 
been validated within numerous populations, health conditions and exercise 
intensities (318-321). This method provides a feasible, valid tool for the 
assessment of free-living energy expenditure for validating novel dietary 
assessment methods.  
 
3.2 Aim 
The aim of this study is to evaluate the capability of a Smartphone food 
diary app to measure food intake and contextual factors of eating occasions in 
real time, using a validated objective method for assessing energy expenditure 
among young adults.  
 
3.3 Methodology 
3.3.1 Participants 
This study was conducted among young adults aged 18-30 years. This 
population group was chosen as it is important to conduct an evaluation study in 
a group with similar characteristics to those of the population in which the 
instrument is intended to be used. Recruitment was restricted to participants 
living in the state of Victoria, Australia. Participants were required to travel to the 
study site on two occasions thus a convenience sample from Melbourne, Victoria 
was chosen. Women currently pregnant or lactating were excluded from 
recruitment due to potential variations in their eating habits and food intake. 
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Best-practice guidelines for conducting evaluation of dietary assessment methods 
recommend a sample size of approximately 100. (354). 
 
3.3.2 Procedures 
This study recruited two groups of participants: a pilot study group of 12 
participants who provided feedback on the useability of the FoodNow app (Pilot 
Study - Group A), and an evaluation study (Group B) of 90 participants, where the 
capability of FoodNow app to measure food intake was assessed by comparing 
estimated energy intake (EEI) with MEE collected with a valid physical activity 
monitor (SWA). A full description of the FoodNow app is provided in Section 3.5.2 
Measures.  
Prior to formal piloting in Group A, FoodNow was extensively tested in-
house by staff and students from the Institute for Physical Activity and Nutrition 
Research (IPAN), Deakin University (n=15). Feedback from both in-house testing 
and the pilot study influenced further development of the FoodNow app for use 
in the evaluation study. The results of pretesting and the pilot study can be found 
in Appendix 3B. A description of the pilot study is detailed below in Sections 3.4. 
Ethical approval was received from Deakin University Human Ethics 
Advisory Group, Faculty of Health (HEAG-H) in April 2013 (HEAG-H 31_2013). This 
ethics approval covered both the pilot and the evaluation study. 
 
3.3.3 Recruitment 
Young adults have previously been seen as a difficult population to recruit 
in health research due to their transient living arrangements (355). This period of 
constant change and progression makes initial recruitment and further follow-up 
difficult (356). The use of social media and networking sites provides a stable 
method of communication with this age group. The most popular of these sites is 
Facebook. 
Facebook is an online social networking service providing the world with 
constant communication and advertising. Worldwide, Facebook has 
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approximately 1.44 billion current users, with 61% signing in daily (357). In 
Australia the majority of adults over 16 years (70%) use social networking sites; 
60% of them are active Facebook users. Just over half of Australian Facebook 
users are female (53%), and 48.1% are aged between 18-34 years (357). With an 
abundance of users, Facebook offers a useful platform to communicate with a 
large cohort of the Australian young adult population.  
For a small cost Facebook offers selective advertisements which can be 
targeted at particular individuals who meet pre-determined eligibility criteria (e.g. 
age, location, interests and previous likes etc.). Facebook identifies age from the 
information listed in the user’s profile which is required for all personal accounts, 
while location is based on the internet protocol address or the address listed in 
the user’s profile. Facebook advertisements can be placed in either the newsfeeds 
of Facebook users or on the side bar of Facebook. The side bar of Facebook is only 
visible when viewing Facebook on a Desktop Personal Computer. As the majority 
of Victorian Facebook users aged 18-34 (90%) use their Smartphone as the 
primary device when viewing their Facebook account it is important to place the 
advertisement in both the newsfeed and the side bar for the advertisement to 
have maximum reach (357).  
Previous health-related studies have used Facebook as a form of 
recruitment (358-373), with several studies using Facebook advertising in 
conjunction with more traditional recruitment strategies (flyers) (366-371). These 
studies have shown that Facebook advertising is a cost-effective, useful form of 
targeted recruitment, which is capable of recruiting a highly representative 
sample (358-364, 372). Facebook users continue to grow, with millions of new 
users annually (357). It is this high growth and popularity within the young adult 
community that supports the use of this recruitment method. 
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3.4 Pilot study (Group A) 
3.4.1 Overview 
Targeted Facebook advertising was used exclusively for the pilot study. 
Advertisements were placed within both the newsfeeds of potential participants 
and on the side bar of Facebook. The Facebook advertisement linked potential 
participants to the study website where they were provided with an overview of 
the study and its requirements. Participants registered their details to receive 
further information from the project manager. An initial telephone call was used 
to describe the study and its requirements and assess eligibility. The Plain 
Language Statement , consent form and reply paid envelope were mailed to the 
participants with instructions to read, sign and return promptly (Appendix 3C).  
Following the return of the signed consent form, a copy of this form and 
instructions on how to download, log in and use the FoodNow app were provided 
to the participants via email. This information included details of the four, non-
consecutive days when the participants were required to use FoodNow app to 
record food intake. Each participant downloaded the FoodNow app onto their 
own phone via their phone provider’s application store (Google Play or ITunes). 
Once the FoodNow app was downloaded participants were required to log into 
the app with a unique username and password provided by the project manager. 
During the data collection period, research staff responded to any queries or 
concerns experienced by the participants via phone and email.  
Following completion of the pre-determined data collection days, participants 
completed a Process Evaluation Questionnaire and returned it via post or email 
(Appendix 3D). A thank you letter and a $25 voucher (compensation) were then 
sent to each participant (Figure 3.1).  
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Figure 3.1 Flow diagram of the FoodNow app pilot study (Group A) 
 
3.4.2 Measures 
Following completion of the four non-consecutive recording days, 
participants were required to complete a written questionnaire on the useability 
and acceptability of the FoodNow app. An 18 item, 5 point Likert scale Process 
Evaluation Questionnaire (Appendix 3D) was developed to assess ease of use, 
reminder frequency and the liking of taking images whilst using the FoodNow app. 
Open-ended questions were used to document participants’ views on what they 
liked best, least and potential improvements.  
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3.4.3 Results 
The pilot study group was recruited from December 2013 through to 
March 2014 with a total of 12 participants (2 male and 10 female) aged 18-30 
years (mean age: 25.6 ± 7.9). There was an equal distribution of iPhone users 
(n=6) and Android phone users (n=6). 
Participants identified items within the FoodNow app that they believed 
could be improved upon. Eleven items were reported including; the addition of a 
back button, ability to delete entries, too time consuming, app crashes, clearer 
instructions, instantaneous nutrition feedback, problems with the time selector 
(used to report the time of the eating occasion), remembering to use the 
reference card, more options in drop down menus. A more detailed description of 
these comments and suggestions can be found in Appendix 3B.  
All items identified by participants were considered for amendment in the 
subsequent version of the FoodNow app. During consideration of these requests 
the research team was responsible for ensuring all amendments improved the 
FoodNow app whilst remaining consistent with its initial research aims, that is, to 
measure food intake and contextual factors of eating occasions in real time. The 
research team implemented amendments to the FoodNow app in five key areas, 
summarised in Table 3.1.  
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Table 3.1 Amendments made to the FoodNow app and its resources 
 
Amendment Aim  
Creation of a 
detailed 
instructional 
booklet 
 
- Provided education on the functions and use of FoodNow app 
- Emphasized the importance of capturing eating occasions in real time 
- Used in combination with face-to-face educational session 
 
Deletion of 
questions 
 
- Deletion of time consuming questions in app (e.g. current address) 
Technology 
improvements 
 
- I-NEX* were able to improve technology functions, increasing 
functionality (e.g. prevent app crashes) 
Flexibility of 
reference card 
 
- Alternate options were provided for the use of the study reference 
card. Use of any standard credit card sized card (e.g. library card) 
Changes to 
drop down 
menus 
- Most commonly used responses moved to the top of the drop down 
menus 
- Addition of regularly used options (e.g. Toasting) 
*i-NEX is a consulting company that specialises in data analysis and software development. 
Which was contracted for development of the FoodNow app 
 
3.4.4 Conclusion 
The evaluation of the FoodNow app’s useability and acceptability resulted 
in significant changes to the preliminary version of the FoodNow app. All the 
changes were made to the FoodNow app to minimise participant burden and 
reduce potential under-reporting. All documented changes were completed 
before the FoodNow app was used within the evaluation study (Group B).  
 
3.5 Evaluation study (Group B) 
3.5.1 Overview 
Several recruitment methods were used for this study to ensure the 
sample size was attained within the desired time frame. Methods included both 
online (Facebook) and physical strategies (poster advertisements) which are 
detailed further in Appendix 3E.  
Figure 3.2 outlines the recruitment and study process of the evaluation study. 
Participants were required to attend the research clinic at Deakin University 
(Burwood campus) on two occasions. At the first visit, written consent was 
obtained (Appendix 3F), a self-administered questionnaire was completed 
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(Appendix 3G) and anthropometric measurements (height, body weight and waist 
circumference) were taken. During this visit, the participants were issued with 
both the FoodNow app and the SWA (Model MF-SW, BodyMedia, Pittsburgh, 
USA) and instructions on how to use both the app for four non-consecutive days 
and SWA were provided to the participants both verbally and in hard copy 
(Appendix 3H). During the following seven days, the SWA was worn continuously 
over the left triceps muscle using an adjustable strap (except during water-based 
activities). At the second visit approximately one week after the first visit), the 
equipment was returned, body weight measured and a thank you letter 
containing a $25 voucher (compensation) was given to each participant.  
 
Figure 3.2 Flow diagram of the FoodNow app evaluation study (Group B) 
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3.5.2 Measures  
Eating patterns and energy intake 
Participants used the FoodNow app on four non-consecutive days (three 
weekdays and one weekend day) over a period of one week. Previous research 
has highlighted the need for both weekday and weekend collection days to 
control for day-to-day variation and occasionally consumed foods (5). Non-
consecutive days were used to control for the correlation seen between mis-
reporting and consecutive day data collection (5, 241). Four data collection days 
were chosen as a compromise between capturing day-to-day variation and the 
practicability of participant burden (5). 
The FoodNow app required participants to record all foods and beverages 
consumed over the four non-consecutive days in real time. Prior to consumption 
of an eating occasion participant were encouraged to take two images of the food 
items, one taken from directly above the food item and the second from a 45º 
angle (Figure 3.3). All food and beverage items and the fiducial marker needed to 
feature in all images.  The fiducial marker was a standardized business card 
provided to the participant, which gave a size reference for each image  (261). 
These image-based methods were based on approaches used in previous studies 
(256, 261, 286) and are described in Section 2.8.3 of the literature review. If it was 
not possible to take an image, participants could bypass this step by selecting “No 
image”.  
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Figure 3.3 Examples of food images and the fiducial marker 
 
Participants then provided a text description of the foods and beverages in 
the images. The text description was mandatory for each eating occasion and 
contained information on the food items, including the type of food and brand 
name, as well as amounts of each food item. In addition to the text message, 
participants were given the opportunity to provide a voice recording of any 
additional information of the food items or amounts that were consumed. The 
collection of images and voice recordings were not mandatory, yet highly 
encouraged by research staff. For each eating occasion, the participant was then 
prompted to complete questions in the FoodNow app relating to where they ate, 
who they ate with, what they were doing when eating, who prepared and 
purchased the food items, cooking methods and meal preparation time. These 
questions were based on existing literature relating to the context of eating 
occasions (374). A full list of the questions asked and the response options is 
located in Appendix 3I.  
After each eating occasion, the participant completed a “post meal question” 
relating to food wastage. This question asked about any foods/beverages not 
consumed and requested an image of any unconsumed food or beverages. This 
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question aimed to account for over-reporting of food consumption due to food 
wastage (250). 
The day following an active reporting day, participants were required to 
complete a small series of questions (“following day questions”). The “following 
day questions” included questions relevant to the previous reporting days sleep 
times, supplement use, meal skipping, misreporting habits and whether they 
believed their consumption on the previous day was usual. These questions 
helped provide additional context to the previous reporting day and provided an 
opportunity to report dietary supplements.  
Throughout the use of the FoodNow app, participants received reminder 
messages (known as “push notifications”) (Appendix 3I). Some messages were 
used to remind participants of an upcoming reporting day, while others acted as a 
reminder to report forgotten items during a reporting day. Push notifications 
were sent to participants if they failed to report anything into the app for a three 
hour period during waking hours (9AM-9PM), and acted as reminder/prompts to 
use the FoodNow app. Additional messages were utilised to encourage 
participants to complete their “post meal questions” or “following day questions”. 
All reminder messages were designed to improve accuracy of EI reporting, 
through either the failure to report individual eating occasions on a reporting day 
or over-reporting due to food wastage.   
 
Coding of food intake and calculation of estimated energy intake 
Five trained staff members (nutritionists or dietitians) performed the 
dietary coding for this study, using a purpose-designed database. Staff were 
provided with face-to-face training, as well as a paper-based training manual. 
Coding protocols were provided and updated frequently, to ensure all coders 
were using the same coding rules (Appendix 3J). 
Food and beverage items were coded to an appropriate item in the 2011-
13 Australian Food and Nutrient Database (AUSNUT) (375). Appropriate food 
codes were based on information provided from the image, text and voice 
description provided by the participant in the FoodNow app. If exact matches 
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could not be made, the item was matched to the closest code available based on 
examining the item’s nutritional information panel. If there were insufficient data 
surrounding the portion size of the consumed food or beverage, the image of the 
food item was examined to estimate portion size. All dietary data were initially 
coded by one coder, and then checked by another coder. In cases of 
disagreement, discussion was held until consensus was reached between the two 
coders. If consensus was not reached, a third coder was consulted to resolve 
discrepancies. The candidate (a trained nutritionist) then conducted a final check 
of each food code and portion size before data were exported for analysis.  
Following manual coding of each food item, EEI was calculated for each 
participant for each day, and then averaged over the number of valid reporting 
days (either 3 or 4). This gave a measure of EEI per participant per day. A valid day 
was defined as having one or more eating occasions reported, as suggested by 
previous literature (276).  
 
Energy expenditure 
SenseWear Armbands (SWA) (Model MF-SW, BodyMedia, Pittsburgh, USA) 
can be used to assess a range of measures including total and measured EE, 
METS, total number of steps, physical activity levels and duration, sleep duration 
and efficiency and lying down time. This method has been validated within 
numerous populations, health conditions and exercise intensities (318-321).  
The SWA is a small monitor, roughly the size of a flattened golf ball attached to a 
3cm thick elastic strap. It is designed to be worn on the exposed skin of the upper 
triceps. The monitor utilizes a 2-axis accelerometer, a heat flux sensor, a galvanic 
skin response sensor, a skin temperature sensor and a near-body ambient 
temperature sensor to capture data resulting in the calculation of MEE (322). 
Each participant was required to wear the monitor continually for the duration of 
seven days excluding water-based activities. This duration has been shown to be a 
suitable time frame for the calculation of an accurate MEE. This period controls 
for day-to-day variability in exercise and MEE (325), has been validated for this 
length of time in previous studies (322) and from a logistical approach, the battery 
life of the monitor is approximately seven days. A record of the time spent not 
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wearing the monitor (e.g. swimming or bathing) was recorded by each participant 
to assess compliance.  
 
Anthropometry 
Participants’ height, body weight and waist circumference was measured 
using standardised protocols (376). Standing height was measured to the nearest 
0.1cm with a wall stadiometer (SECA, mod 220, Hamburg, Germany), body weight 
(kg) was measured to the nearest 0.05 gram with an electronic scale (Tanita BC-
B51, Japan) and waist circumference was measured to the nearest millimetre 
using a calibrated non stretch tape measure. All measurement equipment was 
calibrated prior to use by a trained research assistant; no adjustments to 
measurements were necessary.  All measurements were performed following 
standard techniques by trained project staff in duplicate. If measurements were 
not within 5 mm for height, 0.1 kg for weight or 1.00 cm for waist circumference a 
third measurement was taken (376). The average of the three measurements was 
used if three measurements were recorded.  All measurements were taken after 
removal of external bulky clothing items such as coats and shoes.  Body weight 
was recorded again at visit 2. This second weight measurement was taken to 
control for potential weight change over the week long study period. BMI was 
calculated as body weight (kg) / (height)2(m) and was treated as a continuous 
variable.  
 
Covariates 
Covariates including age, sex, special diet, smoking status, country of birth, 
highest qualification and postcode were collected using a self-reported 
questionnaire at visit 1. Special diet was defined as actively trying to lose weight. 
Postcode was used to assign participants into a low, medium or high socio-
economic category via the Australian Bureau of Statistics Socio-economic Index 
for Areas (SEIFA) into a low, medium or high socio-economic category ranked by 
their suburban postcode (377). All study documents and participant details were 
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stored in accordance with the National Statement on Ethical Conduct in Human 
Research (378). 
3.5.3 Data analysis 
Data analyses were conducted using Stata Statistical Software, Release 14 
(Stata Corporation). Descriptive statistics were used to report anthropometric 
characteristics, demographics, MEE and EEI. Correlations were assessed between 
EEI and MEE using Pearson correlation coefficients to assess the strength of the 
relationship between the two variables. The intra-class correlation coefficient 
(ICC) of absolute agreement was also calculated to evaluate the relationship 
between EEI and MEE. The ICC accounts for both the difference between 
measures and the degree of correlation (308). Both methods are commonly used 
in the evaluation of dietary assessment methods (379). A Bland-Altman plot was 
used to analyse the limits of agreement between the two variables by calculating 
the standard deviation of the difference between the two measures (380). A p 
value <0.05 was considered statistically significant.   
The level of misreporting observed in the FoodNow app was also assessed. 
This was based on the fundamental principle that EE = EI ± body stores, where, in 
the absence of a non-significant weight change (stable weight) at the group level, 
the expected ratio of EE: EI is 1 (230). Inaccurate reporting of dietary EI is now 
widely recognised, and has been observed to vary from 10-50% (231, 381). 
Misreporting, characterized by the reporting of implausible EIs may undermine 
the validity of the method.  
The participants were classified as acceptable-reporters (AR), under-reporters 
(UR) or over-reporters (OR) of EI in accordance with the Huang method (138). This 
is an updated method for identifying physiologically implausible dietary reports by 
comparing EEI with MEE according to whether the individual’s ratio was within, 
below or above the 95% confidence intervals of the expected ratio of 1.0.  It is 
able to account for intra-individual variation in EI by using the CVEEI  divided by the 
number of days (d) of intake data. Intra-individual variation of energy expenditure 
is accounted for in the same way (CVMEE). Measurement error and day-to-day 
biological variation is accounted for by including TEE (CVTEE) in the equation. The 
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95% confidence interval (±1 standard deviation cut offs) was calculated from the 
equation in Figure 3.4 and were used to identify individuals who failed to report 
their dietary intakes correctly. 
 
 
Figure 3.4 Equation used to calculate level of misreporting from the FoodNow 
app  (138) 
CVEI =the mean coefficient of variance in EI,  
d = the number of days of diet assessment and  
CVEE = the coefficient of variance for EE  
CVTEE = technical error of measurement for measuring TEE (DLW method) 
 
3.5.4 Results 
Participant characteristics 
Ninety young adults (n=71 female, n=19 male) aged 18-30 years (mean 
age: 24.9 ± 4.1 years) from the Melbourne region, Victoria, Australia participated 
in this study, with recruitment conducted between June 2014 and December 
2014 (Table 3.2). Participants were predominately non-smokers (98%) and 
approximately three quarters were born in Australia (76%). The majority of 
participants lived in a suburb ranked with a high SEIFA score (77%) and held 
university degrees (70%). The mean weight of participants remained stable (not 
significantly different) between visit one and visit two. 
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Table 3.2 Characteristics of the young adult participants (n=90) 
Characteristic n (%)* 
Age (years), Mean ± SD 24.9 ± 4.1 
Sex  
      Male 19 (21) 
      Female 71 (79) 
Height (m), Mean ± SD 1.7 ± 9.2 
Weight Visit 1 (kg), Mean ± SD 65.7 ± 13.0 
Weight Visit 2 (kg), Mean ± SD 65.4 ± 13.3 
Body mass index (kg/m2), Mean ± SD 22.84 ± 3.1 
Waist circumference (cm), Mean ± SD 74.2 ± 8.0 
Special Diet   
       Yes 1 (1) 
       No 89 (99) 
Smoker  
       Yes 2 (2) 
       No  88 (98) 
Country of birth  
       Australia 76 (84) 
      Other 14 (16) 
SEIFA  
       Low 4 (4) 
       Medium 17 (19) 
       High 69 (77) 
Highest qualification  
       Higher school certificate (Year 12 or equivalent) 16 (18) 
       Trade/apprenticeship (e.g. hairdresser, chef) 3 (3) 
       Certificate/diploma (e.g. childcare, technical) 8 (9) 
       University degree 43 (48) 
       Higher University degree (e.g. Graduate Diploma, Masters, 
PhD) 
20 (22) 
Abbreviations: SEFIA, Socioeconomic Index for Areas; SD, Standard deviation 
*Values are n (%) unless otherwise specified  
 
Reporting compliance 
The number of reporting days and the distribution of the reporting days 
over weekdays and weekends days are shown in Table 3.3. Of the 90 participants 
who consented for this study, 68 participants completed four FoodNow reporting 
days, 16 participants completed three reporting days, and seven had two or fewer 
reporting days, totalling 329 reporting days. Of these 329 reporting days 75 were 
weekends day (Saturday or Sunday) leaving 254 as weekdays (Mon-Fri). All 68 
participants who had four reporting days completed three weekdays and one 
weekend day. Of the participants who had three reporting days (n=16), seven had 
a weekend reporting day. All of the participants completed their reporting days 
within an eight day period.  
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Table 3.3. Number and distribution of reporting days (n=90) 
 4 reporting 
days 
3 reporting 
days 
2 or fewer 
reporting days 
No. subjects  68 16 6 
No. subjects with a weekend day 68 7 0 
All reporting days within an 8 day period 68 16 6 
 
SenseWear data 
To date, no studies have reported hours per day or number of days 
required for wearing the SWA to reliably determine free-living total EE in young 
adults. Wear time criteria were calculated for total EE using the Spearman-Brown 
prophecy formula (382). To achieve a reliability of ≥0.9, 4.5 days of at least 
11hrs/day wear time was required. Therefore five valid days of 11 hours wear 
time was set as the inclusion criterion for this study. Six participants were 
excluded who did not meet this wear time criterion (Figure 3.5). Further details of 
this calculation can be found in Appendix 3K.  
 
FoodNow app data 
Participants’ dietary data were examined prior to analysis to ensure that 
each participant had a minimum of three valid reporting days. A valid day was 
defined as having one or more eating occasions reported on that day. Three days 
has been previously reported to be sufficient for dietary assessment (5). Seven 
participants were excluded who did not have a minimum of three valid reporting 
days (Figure 3.5).  
 
Identifying misreporting 
Under and over-reporting of nutrients and energy is common within 
dietary assessment research, and can have serious ramifications for the 
interpretations of the results (250). In order to identify over and under-reporters, 
of EI, the 95% confidence limits (95% CI) of the ratio of EEI: MEE were calculated 
using a within-subject coefficient of variation. The within-subject coefficient of 
variance for EEI was calculated at 26.1% and the within subject coefficient of 
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variation for MEE was 21.1%. The within-subject coefficient of variation for 
repeated measures of TEE using DLW was 8.2% (138). The 95% CI were calculated 
as <0.73 and >1.27. These cut offs identified 19 participants below the lower cut 
off or as under-reporters (UR), two participants above the cut offs or over-
reporters (OR) leaving 56 adequate reporters (AR). There were no significant 
differences in demographic characteristics (P<0.05) between those classified as 
UR, AR, OR, or those who did not meet the eligibility criteria (Table 3.4). The 
remaining analysis was conducted on 56 AR as outlined in Figure 3.5.   
 
Table 3.4. Demographic characteristics of under-reporters, adequate reporters, 
over-reporters and participants who were excluded from analysis (n=90) 
 
Characteristic Under-reporters  
(n=19) 
Adequate 
reporters (n=56) 
Over-reporters  
(n=2) 
Excluded 
(n=13) 
Age, years (mean ± 
SD)  
23.90 ± 2.61 25..1 ± 4.68 24.97 ± 1.82 26.00 ± 2.78 
Sex, females (n (%)) 14 (74) 41 (73) 2 (100) 12 (92) 
Body mass index, 
kg/m2 (mean ± SD) 
23.53 ± 2.24 22.79 ± 3.16 22.28 ± 1.94 22.16 ± 3.56 
Waist circumference, 
cm  
(mean ± SD) 
74.75 ± 8.82 74.59 ± 7.82 72.78 ± 4.28 71.93 ± 7.83 
Country of birth, Aus 
(n (%)) 
16 (84) 48 (86) 2 (100) 10 (77) 
SEFIA, High (n (%)) 16 (84) 44 (79) 1 (50) 8 (62) 
Highest qualification 
(University degree or 
higher) (n (%)) 
14 (74) 39 (70) 1 (50) 9 (69) 
Smoking status, 
current (n (%)) 
0 (0) 1 (1) 0 (0) 1 (8) 
Abbreviations: SEFIA, Socioeconomic Index for Areas; SD, Standard deviation  
Comparisons between groups showed no significant difference across all characteristics 
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Figure 3.5. Flow diagram of the evaluation study (n=90) 
 
Eating occasion differences according to reporting group 
Reported consumption rates of total meals, main meals (breakfast, lunch and 
dinner) snacks, EEI and MEE were analysed according to the participants’ 
reporting status (UR, AR or OR). The mean consumption of total meals/day, main 
meals/day snacks/day and EEI reported by UR’s were significantly less than those 
reported by AR and OR (P<0.05), while those classified as OR reported consuming 
significantly more total meals/day and snacks/day and EEI compared to AR 
(P<0.05). Furthermore, the reported consumption of main meals/day did not 
differ significantly between OR and AR groups (Table 3.5).  There was no 
significant difference between UR, AR and OR for MEE.  
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Table 3.5. Number of eating occasions across under, over and adequate energy 
intake reporters (n=77) 
 Under-reporters n=19 Adequate reporters  
n=56 
Over-reporters  
n=2 
Total eating occasions/day 4.62 ± 1.73^ 5.65 ± 2.43* 8 ± 2.30*^ 
Reporting days 72 215 8 
Main meals 198 636 28 
Breakfast 72 208 8 
Lunch 62 221 8 
Dinner 64 207 12 
Main meals/day 2.75 ± 0.89^ 3.0 ± 0.90* 3.5 ± 1.5* 
Snacks 135 568 36 
Snacks/day 1.88 ± 1.50^ 2.7 ± 2.11* 4.5 ± 2.00*^ 
Energy Intake (kJ) 6840 ± 1166 9204 ± 1957* 14656 ± 3374*^ 
Energy Expenditure (kJ) 10844 ± 2054 10030 ± 2210 10035 ± 617 
*significantly different to under-reporters (p<0.05) 
^significantly different to adequate reporters (p<0.05) 
P-Values <0.05 are bolded 
 
Among the analytical sample (n=56), every participant recorded at least one 
image over their reporting period with 14% of participants providing images for 
every eating occasion. Overall, 72% of 1339 eating occasions reported by the 
analytical sample had images that were used in dietary assessment coding. At the 
participant level, among those missing one or more images (n=48), the number of 
eating occasions without images (mean ± SD per participant) was 7.9±6.4 or 
approximately 33%. 
 
Measures of agreement 
The EEI measured by FoodNow and MEE measured by SWA were compared to 
assess the agreement between the two methods. The mean ± standard deviation 
(SD) EEI recorded by the FoodNow app was 9204 ± 1957kJ compared to the MEE 
measured by the SWA which was 10030 ± 2210kJ. Figure 3.6 is a scatter plot 
between MEE and EEI including a regression line to indicate agreement between 
the two methods. 
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Figure 3.6 Scatter plot between measured energy intake from the FoodNow app 
and estimated energy intake from the SWA regression line (n=56) 
 
Correlation coefficients (two-way random-effects model) between 
methods revealed that the relationship between EEI measured by FoodNow and 
MEE obtained by the SWA was strong. A high degree of reliability was found 
between EEI and MEE (ICC, 95% CI: 0.75, 0.61, 0.84) (p=>0.0001).  There was a 
positive Pearson’s correlation between EEI and MEE (r=0.75, p= >0.0001, with a R2 
= 0.56).  
Bland Altman plots were used to illustrate the agreement between EEI 
measured by the FoodNow app and the MEE measured by the SWA (Figure 3.7). 
The mean difference between EEI and MEE was minimal (826 kJ), but the 95% 
limits of agreement were wide (95% CI: -3709.27, 2056.69) indicating error at an 
individual level. No systematic bias was detected, with random scatter of data 
points seen in Figure 3.7  
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Figure 3.7 Bland-Altman plots between the mean EEI and the difference in EEI from 
the FoodNow app and MEE from the SWA (n=56) 
 
The same analyses were conducted on the sample of n=77 without excluding over 
and under reporters. This was conducted to show transparency in technique and 
provide understanding of how misreporting can influence results.  
 
Measures of agreement when no under or over reporters are removed (n=77) 
The EEI measured by FoodNow and MEE measured by SWA were compared to 
assess the agreement between the two methods. The mean ± standard deviation 
(SD) EEI recorded by the FoodNow app was 8762 ± 2286kJ compared to the MEE 
measured by the SWA which was 10231 ± 2159kJ. Figure 3.8 is a scatter plot 
between MEE and EEI including a regression line to indicate agreement between 
the two methods. 
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Figure 3.8 Scatter plot between measured energy intake from the FoodNow app 
and estimated energy intake from the SWA regression line (n=77) 
 
Correlation coefficients (two-way random-effects model) between 
methods revealed that the relationship between EEI measured by FoodNow and 
MEE obtained by the SWA was strong. A moderate degree of reliability was found 
between EEI and MEE (ICC, 95% CI: 0.50, 0.32-0.65) (p=>0.0001).  There was a 
positive Pearson’s correlation between EEI and MEE (r=0.53, p= >0.0001, with a R2 
= 0.25).  
Bland Altman plots were used to illustrate the agreement between EEI 
measured by the FoodNow app and the MEE measured by the SWA (Figure 3.9). 
The mean difference between EEI and MEE was minimal (-1468 kJ), but the 95% 
limits of agreement were wide (95% CI: -5812.6, 2875.1) indicating error at an 
individual level. No systematic bias was detected, with random scatter of data 
points seen in Figure 3.8. 
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Figure 3.9 Bland-Altman plots between the mean EEI and the difference in EEI from 
the FoodNow app and MEE from the SWA (n=77) 
 
 
3.5.5 Discussion 
This study evaluated an innovative method of dietary assessment using a 
Smartphone app “FoodNow” within young adults. The results show that FoodNow 
captured a mean EEI that was strongly correlated to the MEE measured by the 
SWA in young adults aged 18-30 years. FoodNow as an EEI measurement tool is 
comparable to previous Smartphone dietary assessment approaches (270, 271), 
however is also able to capture rich contextual data surrounding eating occasions. 
The wide limits of agreement seen in the Bland-Altman plot suggest this method 
would be more suitable for dietary assessment at a group level rather than 
individual level.  
The results presented within this study are consistent with previous 
validation studies evaluating dietary assessment Smartphone applications. 24 
hour-recalls have been used as a reference method for two novel dietary 
assessment methods, namely MMM (270) and e-DIA (351). Results from both 
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studies reported a mean EI comparable to 24-hour dietary recalls, with Bland-
Altman plots showing minimal bias but with wide limits of agreement (270, 351). 
However, neither study assessed misreporting or accounted for under or OR of 
dietary intake.  
Previous studies have used DLW as the reference method when evaluating 
novel methods of dietary assessment utilising Smartphone technology. Methods 
such as RFPM (296), NuDAM (278) and TECH (294, 295) have all assessed their 
respective methods for measuring EI against DLW. When comparing EI to EE 
captured by DLW across methods; NuDAM under-reported EI, TECH adequately 
reported EI and RFPM documented both under-reporting and adequate-reporting 
depending on the kind of participant prompts used throughout the study. The 
RFPM method using customised prompts (participant or meal specific reminder 
messages) provided a comparable EI compared to those using standard prompts 
(general reminder message) when comparing EI to EE captured by DLW. Each 
method discussed was assessed in different populations and used varying data 
collection methodologies. For example, NuDAM was assessed in type 2 diabetic 
adults and used both an imaged-based dietary record accompanied by a follow-up 
phone call (278), TECH was assessed in children (mean age 5.5 years) and their 
parents, with the parents taking images of their children’s food intake (294) and 
RFPM was assessed in obese adults 18-54 years and relied solely on portion size 
estimations from captured images (296). All three methods (RFPM, NuDAM and 
TECH) used images as an element of dietary assessment data collection. The 
variation in study samples and EI collection methods (e.g. images exclusively or in 
combination) makes comparisons between studies difficult. A recent review of 
Smartphone dietary assessment methods reported Smartphone dietary 
assessment methods to have similar, but not superior, validity or reliability when 
compared with conventional methods of dietary assessment (243). 
The use of Smartphones as a dietary assessment platform may have a 
number of advantages with the potential to reduce participant burden being the 
most important. For example, a review of Smartphone platforms saw a reduction 
in the time taken to report eating occasions (257, 258) with evidence suggesting 
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reporting of dietary intakes over longer study periods could be possible with 
Smartphone platforms (257-259). In addition, costs to researchers may be 
reduced through the use of automated real-time coding, in which image analysis 
and volume estimation data can be indexed against existing nutrient databases 
(274, 291, 383). This process relies on several steps, however put simply the food 
item needs to be identified and portion sized before being matched to an 
appropriate food code found in a composition database. More work is needed to 
improve the accuracy and consistency of these methods, with previous studies 
reporting problems with the illumination and angle of the images (297), 
difficulties in detecting hidden ingredients, cooking method, colour and texture 
(292) and multiple food items or mixed dishes increasing misreporting (298). 
Problems have also been reported when finding the best match among the 
multiple codes available in current nutrient databases (298). Automated coding 
was not implemented in the current study given the initial infrastructure costs 
required in establishing this process.  
Participant satisfaction and preference for mobile phone dietary 
assessment platforms compared to conventional platforms has been highlighted 
in recent literature (243, 384). As the use of Smartphone platforms expands 
rapidly within the dietary assessment area, so do the number of methods which 
are created and not validated or evaluated. New methods require adequate 
evaluation in specific populations or environments to ensure they are measuring 
both food and nutrient intakes accurately. Without thorough evaluation, there is a 
risk that bias and error is not adequately considered and inappropriate 
conclusions are drawn from the dietary intake influencing future public health 
messages and interventions for fear of EI or nutrient misreporting (306, 307).  
Under and over-reporting of nutrients and EI is common within dietary 
assessment research (250). Previous studies have found significant associations 
between under-reporting and over-reporting of food consumption. Johnson et al. 
(385) compared a food diary with DLW in an older population and found women 
were significantly more likely to under-report EI than men (p<0.01) (385), while 
women with higher BMIs were more likely to under-report EI than those who 
Chapter 3: Evaluation Study 
 
78 
 
were of a normal BMI (385). Similar results were seen in a study using a ratio of EI 
to basal metabolic rate in two 24-hour recalls of adults (386). Similar to Johnson 
et al. (385), Fereidoun Azizi et al. (386) found women were more likely to under-
report EI than males (p<0.05). They also found that UR were older and had lower 
BMI’s than AR (p<0.01), while OR were younger, had higher BMI’s and were more 
likely to smoke than AR (P<0.01) (386). Both studies found misreporting related to 
sex and BMI while Fereidoun Azizi et al. (386) identified age and smoking habits 
also (385, 386). These studies differed in sample ages, EI collection method, 
definitions for UR, OR, and AR, and approaches for establishing cut-offs (385, 
386), thus making comparisons difficult. The present study did not find similar 
misreporting relationships, with no significant differences between ineligible 
reporters, UR, OR or AR for a range of participant characteristics (age, sex, BMI, 
country of birth, SEIFA, highest educational qualification or smoking status).  
 
Strengths and Limitations 
This study had several strengths. Firstly, MEE was objectively measured 
using the SWA, which has been shown to be highly accurate compared to DLW, 
has low participant burden, no recall bias and high compliance rates (average 
wear time of 23 hours in this study) (318, 322). Secondly, the collection of dietary 
data from four non-consecutive days (including three weekdays and one weekend 
day) controlled for day-to-day variation and occasionally consumed foods (5). This 
reporting period is seen as a strength compared to previous studies that reported 
food intake on consecutive days (5-7 days) (270, 271) placing increased burden on 
participants and increasing reporting error (5, 333, 387). Thirdly, participants 
were able to download the FoodNow app on their own phones from either the 
Android or IPhone platforms, in comparison to previous studies where they were 
required to use a provided “study” device (257, 258).  
Limitations of this study include the wide limits of agreement seen within 
the Bland-Altman Plot indicating error at an individual level. The wide levels of 
agreement seen within this study are consistent with previous studies which have 
compared electronic devices with references methods (270, 271) and suggest this 
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form of dietary tool for dietary analysis at the population level rather than the 
individual level. Secondly, the sample was not representative of all young adults 
as 70% of participants were tertiary educated and largely female. This is a 
limitation as digital and computer literacy has previously been reported to be 
increased in those with higher socioeconomic backgrounds (388). However, no 
significant differences between ineligible reporters, UR, OR or AR were reported 
according to age, sex, BMI, country of birth, SEIFA, highest education level or 
smoking status.  
Thirdly, while this study was able to evaluate the ability of the FoodNow to 
report food and beverage intakes, other data collected by the app (contextual 
factors of eating occasions) were not able to be evaluated using SWA. Other 
Smartphone apps have also incorporated these types of measures but they have 
rarely been evaluated (389). These assessments require further examination with 
alternative approaches such as direct observation (390) or other technology such 
as wearable cameras (252, 391). The assessment and agreement of EEI to an 
objective measure of MEE is the first step in substantiating that this method is a 
suitable and reliable method for collecting dietary intake, both nutritional and 
contextual. Finally, collection of images associated with the eating occasions 
varied between participants although it is not clear how this compares to other 
studies, given the lack of comparable data in the literature.   
 
Future directions 
Future research should examine the use of FoodNow in other population 
groups including older age groups and those with lower education and literacy 
levels. Current work in this domain has found promising results with older adults 
engaging in Smartphone application use (392), as well as those with lower 
education levels (393). Further work needs to examine alternative ways of 
minimising EI misreporting and capturing dietary assessment as accurately as 
possible whilst maintaining or decreasing participant burden (394). Future work is 
also required to further understand which aspects of technology are particularly 
advantageous in improving the accuracy of dietary assessment. For example, 
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understanding the impact of the addition of images on the accuracy of dietary 
coding and comparisons between participants who reported images for every 
eating occasions versus those who reported images less frequently may provide 
further insight.  
 
3.6  Conclusion 
The Smartphone application FoodNow was able to accurately assess EEI 
when compared to MEE from SWA in young adults. Contextual information 
surrounding these eating occasions was also collected which could aid in the 
development of future public health messages. Further development of the 
instructional materials is required to make them suitable for broad scale 
dissemination. Additional research is needed to confirm the validity of the 
FoodNow app in different populations. 
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Chapter 4: Qualitative examination of the correlates of 
young adults’ eating patterns  
 
4.1 Introduction 
Meal skipping and snacking are prominent eating patterns within the 
community and are associated with particular health consequences. Both eating 
patterns are highly prevalent among young adults; 80% consume snacks daily (82) 
and 15% rarely or never consume a breakfast meal (328). However, there is lack 
of understanding of the factors that influence the meal skipping and snacking 
patterns of young adults.  
Multiple conceptual models currently exist within the literature, that are 
used to examine the multiple dimensions that influence behaviours, including 
eating (148, 149). This chapter will make use of the social-ecological framework 
proposed by Story et al. (63), as outlined in Chapter Two. This framework is made 
up of the following four domains: 1) Intrapersonal influences; 2) Social-
environmental influences; 3) Physical-environmental influences and, 4) 
Macrosystem influences (63), and has been used previously in eating behaviour 
research (63, 155). 
Qualitative methodologies and their underlying philosophies are highly 
appropriate for understanding and exploring complex factors associated with 
eating patterns (395). These methods provide personal accounts of meal skipping 
and snacking patterns, and aim to gain an in-depth understanding of the 
perceived influences of these behaviours. 
Few qualitative studies however have examined potential influences of 
meal skipping and snacking within a young adult population, with existing studies 
examining other nutrition related behaviours. A qualitative study of university 
students in Belgium found that intrapersonal factors (time perception), social 
networks (student societies) and physical-environments such as residency were 
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important influences over healthy eating behaviours such as fruit and vegetable 
consumption and alcohol drinking patterns (202). Multiple studies have been 
conducted among American college samples, however they have predominantly 
focused on weight management practices (396-401). Collectively, these studies 
found social situations, time constraints, convenience and cost were important 
influences over these practices (396-401). Overall, there have been few studies in 
this area, most of which have not focused on meal skipping and snacking. Many of 
the studies have been conducted among university or college students and so 
their findings may not generalise to the wider young adult population. 
Identification of the potential influences on meal skipping and snacking 
behaviours of young adults will have important implications for the design of 
future nutrition interventions and public health policies in this age group.  
 
4.2 Aim 
To qualitatively examine self-reported influences on meal skipping and 
snacking eating behaviours in a group of Australian young adults aged between 
18-30 years. 
 
4.3 Methodology 
4.3.1 Approach and design 
Certain epistemological assumptions underpin all qualitative research. The 
development process begins with determining the philosophical assumptions, 
paradigms and frameworks that underpin and shape the design, conduct and 
analysis of the qualitative study  (402). This process begins by taking a 
philosophical stance on each of the research assumptions. The worldviews or 
paradigms of the researcher are then justified, leading to the selection of a 
specific theoretical framework (402). 
This research was conducted under the “realist” assumption, which 
assumes that the participants’ responses bear a direct relationship to their “real” 
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experiences in the world beyond the research setting (403). This assumption 
however fails to acknowledge the latent influences on food consumption and 
many influences on these behaviours many be outside an individual’s conscious 
decision making processes (147). These unconscious decisions will be considered 
during the question design, interview process and analysis of the transcripts. 
Closely related to the choice of assumption is that of a paradigm, as it is also a 
frame or view brought to the research by the researcher. These assumptions 
reflect a particular stance the researcher has chosen to take within their research 
(402).  
It is often difficult to categorise qualitative studies into a single paradigm, 
with both post-positivism and social constructionism utilised in this study. It is also 
important to acknowledge that any qualitative research is influenced by certain 
assumptions held by the researcher; these are based on their previous learning 
and experiences and are known as the researcher’s “frames” (402). Post-
positivism accepts that researcher frames can influence interview design, 
conduction and analysis (404), whilst emphasizing a scientific approach towards 
data collection (402). The second paradigm brought to this study is social 
constructionism which assumes that understanding, significance, and meaning are 
developed not separately within the individual, but emerge in coordination with 
other human beings (405). Phenomenology is a qualitative framework concerned 
with the in-depth description of human experiences of concepts, situations or 
phenomena and was utilised throughout this research (402). It seeks to find the 
perspectives on the lived experiences; things as they appear in our experiences or 
the way they are experienced (406).  
In summary, this study incorporates the realist assumption within both 
post-positivism and social constructionism paradigms, whilst utilizing elements 
from the phenomenology framework. This approach provides a structure that is 
capable of an in-depth exploration of the influences faced by young adults during 
their eating occasions and their subsequent eating patterns. This study followed 
the consolidated criteria for reporting qualitative research (COREQ) 
recommendations (407).  
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4.3.2 Interview method 
Several interviewing methods were considered in the preparation of this 
study, with one-on-one semi-structured interviewing (in person or telephone) 
chosen as the most suitable method. This form of interview can be conducted in 
naturalistic settings as opposed to clinical situations (408), which may stimulate 
more open and candid discussion about experiences and habits (409). A semi-
structured interview format with prompts was chosen as opposed to a structured 
interview format, to encourage the exploration of emerging themes and ideas in a 
non-prescriptive setting. As individuals of this age have previously been 
documented to be highly influenced by their peers (202, 410), focus group 
discussion was not considered to be the most optimal method of interviewing. 
Face-to-face and telephone interviews were used for this study. Face-to-
face interviewing captures verbal and non-verbal ques such as body language 
which can indicate emotions attached to specific questions or prompts (411). This 
method of interviewing was convenient for participants who were recruited from 
surrounding areas and preferred to be interviewed face-to-face. While, telephone 
interviewing has some limitations, including the lack of visual cues, such as body 
language, facial expression and gestures (412, 413), several studies suggest that 
telephone interviewing is an effective and appropriate method of qualitative data 
collection which elicits accurate, in-depth data (412-414). Telephone interviews 
are cost-effective, reduce pressures to provide socially desirable answers due to 
increased participant autonomy (412-414), and the reduced travel burden for 
participants/interviewer and offers a more flexible interview time schedule (e.g. 
outside of work hours and on weekends). Use of this method enabled recruitment 
of a broader range of participants from areas distant from Deakin University and 
participants who were only available outside of work hours, allowing maximum 
variation of participants (415).  Face-to-face interviews were conducted in 
suitable locations such as private interview rooms in a public library or quiet 
corners of coffee shops. The location of the interview was chosen in collaboration 
with the candidate and participant. This protocol was used to minimize anxiety 
and to help the participants feel at ease during interviews allowing an in-depth 
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exploration of behaviours (416). A safety plan was devised and acted upon during 
the interviews to ensure the safety of both the participants and the candidate 
(Appendix 4A).   
 
4.3.3 Interview content 
The interview questions focused on the potential influences on meal 
skipping and snacking behaviours. Each domain of the social-ecological framework 
was consulted during question development to ensure a range of potential 
influences were explored within the interview. Neutral open-ended questions 
were used to explore the participants’ eating patterns and their associated 
influences. “Can you think of a time when you didn’t eat one of these “usual” main 
meals? And can you tell me about it?”  Prompting or probing questions were used 
when necessary to enable the participants to give additional details, such as “Why 
do you think this happens?”  All questions or prompts were designed to explore 
and understand participants’ answers and not to force or imply responses. 
Questions were arranged in a logical order to help provide flow and natural 
conversation surrounding the topic of interest.  
The interview protocol was pretested prior to the interviews on a 
convenience sample of eight individuals from a similar age and demographic 
background to that of the intended participants. These individuals were not 
working in health or nutrition-related disciplines, which has the potential to bias 
respondent response (417). Responses to these pretest interviews helped to 
revise the interview schedule questions with respect to wording to increase clarity 
for participants and minimize interview length. The pretest interviews were not 
included in the final data set. Questions relevant to meal skipping and snacking 
behaviours are listed in Table 4.1, while a comprehensive overview of the full 
interview schedule and probe questions/prompts can be found in Appendix 4B. 
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Table 4.1. Qualitative interview content, assessing eating patterns in young adults 
Semi-structured interview questions 
1. Thinking about the last week can you tell me about the main meals you usually eat daily? 
2. Can you think of a time when you didn’t eat one of these “usual” main meals? Tell me about it? 
3. Thinking about the last week, can you talk me through your ‘usual’ weekday eating and drinking 
habits? 
4. Again thinking within the last week, can you talk me through your ‘usual’ weekend and drinking 
habits? 
5. Tell me about eating and drinking between these main meals? 
6. Tell me about why you think you eat in these patterns? 
7. Tell me about where you eat most of your main meals, and who do you eat them with? 
8. Tell me about where you eat most of your snacks, and who you eat them with?  
9. How do you decide which foods to eat as a main meal? 
10. How do you decide which foods to eat as a snack? 
11. What has the biggest impact on your eating and drinking habits? 
 
4.3.4 Participants 
Participants for this study were aged 18-30 years inclusive and living within 
the state of Victoria, Australia. Women currently pregnant or lactating were 
excluded from recruitment due to potential variations in their eating habits and 
food intake. Recruitment was restricted to participants living in the state of 
Victoria to ensure our results were consistent for this region and not influenced 
by varying locations.  
As qualitative approaches do not attempt to assess prevalence or strength 
of associations, traditional sample size estimation methods are not appropriate. 
The number of participants required in qualitative studies is commonly 
determined using an approach referred to as data saturation. Within 
phenomenology research, data saturation occurs when no new themes or 
information can be found within the data (418). Previous nutritional research by 
Sobal indicates that a sample size of 10 is usually adequate to provide data 
saturation in food-related research, (419) while others recommend a sample size 
between 5-25 (420).  
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"Purposive sampling” was used to recruit participants for this study (421), 
whereby participants are recruited into the study according to specific 
predetermined criteria. This recruitment method allowed for a range of views 
(‘maximum variation’) to emerge within the qualitative data (422). For this study, 
participants were recruited on the basis of living circumstances/household 
structure (living with parents vs. cohabiting with friends or partner), sex (female 
vs male) and age (18-24 vs 25-30 years).  
 
4.3.5 Procedures 
Participants were recruited using social media (Facebook) in conjunction 
with online advertisements on the Deakin University website. Potential 
participants registered their interest, and were screened for eligibility via email or 
phone. Prior to the interview, informed written consent from each participant 
was received (Appendix 4C). During each interview brief notes were made by the 
candidate and all interviews were audio-recorded. All the interviews were 
conducted by the candidate (female, 26 years) during October and November 
2014 (spring). Post-interview, the participants were asked to complete a short 
demographic questionnaire covering age, marital status, income, education 
(including nutrition-specific education), household size and composition, smoking 
status, self-reported height and weight, postcode and a question about their use 
of any special type of diet (Appendix 4D). Once the interview had been completed 
each participant received a $25 gift voucher in recognition of their time.  Ethical 
approval was received from Deakin University Human Ethics Advisory Group, 
Faculty of Health (HEAG-H) in September 2014 (HEAG-H 154_2014). 
 
4.3.6 Data management 
All the interviews were audio-recorded and transcribed verbatim. The 
transcription of audio recordings to written text involves some interpretation, 
with care required to ensure that the true nature of the communication is 
reflected clearly and accurately (423). Interview recordings were transcribed 
verbatim taking care to ensure all informal conversation and expression of 
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emotions were preserved and documented thoroughly in preparation for data 
analysis (418). The candidate transcribed the early interviews (n=4) to gain a 
greater understanding of the data and to make sure the interview questions were 
appropriate and capturing a true representation of potential influences. The 
remaining interviews (n=18) were transcribed by a professional transcribing 
company (Transcriber Online, ACT, AUS). All recordings not transcribed by the 
candidate were crossed checked with the original audio-recording to unsure 
uniformity in the translation from verbal to text format.  All study documents and 
participant details were stored in accordance with the National statement on 
Ethical Conduct in Human Research (2007) – Updated May 2015 (378).  
 
4.3.7 Data analysis 
The transcribed interviews were analysed via template analysis (424). This 
is a method for thematically organizing and analysing textual data. At the core of 
this method is the creation of a list of codes (the ‘template’) representing themes 
initially identified in the literature, this template is then used to group themes 
together. The template is constructed in a way that represents the relationship 
between themes, and commonly involves a hierarchical structure. These 
templates are defined a priori, but are constantly modified and added to as the 
researcher reads and interprets the data (424). This method provides a rigorous 
method of qualitative data analysis whilst allowing the researcher to bring their 
own frames or view points to the research (424). 
NVivo10 software was used to assist in thematically organising themes and 
occurring ideas. Repeated reading of the transcripts was required to adequately 
identify all themes and recurring ideas. A coding frame (Appendix 4E) was created 
to provide guidelines for the types of information to be assigned to each theme 
and sub-theme during the coding process. This framework was developed 
following review of the literature which reported correlates of meal skipping and 
snacking frequency in young adults. Each transcript was coded by assigning 
code(s) for the relevant theme/sub-theme/topic to each segment of printed text 
that related to one or more of the topics/themes. Each theme was grouped 
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together based on commonalities in “higher themes” until no further grouping 
could be applied.  
An independent person with prior experience using template analysis re-
coded a random sample (20%) of transcripts previously coded by the candidate. 
This is because coding is an interpretive act, with themes viewed differently 
between coders due to different researcher frames and paradigms (425). Coding 
of results from each coder was assessed and any differences resolved through 
discussion. All transcripts were altered accordingly following resolution of 
difference in coding interpretation. These validity checks did not aim to produce a 
single definitive account but rather to verify that the identification of themes and 
to confirm that the analysis was conducted systematically. Demographic data and 
notes taken by the candidate during the interviews were utilized during analysis 
to add context to the resulting themes (426).   
Further interview scripts were adapted in the light of emerging themes 
seen within the early participant interviews to ensure each influence was explored 
thoroughly in subsequent interviews.  
 
4.4  Results 
4.4.1 Participant characteristics 
Twenty-two young adults (12 female, 10 male) aged 18-30 years (mean 
age: 25.2 ± 2.6) from Melbourne, Victoria, Australia participated in one-on-one 
semi-structured interviews which ranged in duration from 39 to 50 minutes. 
Fourteen interviews were conducted over the phone, while the remaining eight 
were conducted face-to-face.  Of the 22 participants, eight (36%) were aged 18-
24 years and 14 (64%) were aged 24-30 years. Participants were predominately 
born in Australia (95%) and approximately half were living with their 
parents/family (41%). (Table 4.2) 
 
Table 4.2 Characteristics of the young adult participants (n=22) 
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Characteristic n (%)1 
Age (years), Mean ± SD 25.2 ± 2.6 
       Age 18-24 years 8 (36) 
       Age 25-30 years 14 (64) 
Sex  
       Male     10 (45) 
       Female 12 (55) 
Country of birth  
       Australia 21 (95) 
       Other 1 (5) 
Living situation  
       Living with parents 9 (41) 
       Living outside the family home 13 (59) 
Highest qualification  
       Higher school certificate (Year 12 or equivalent) 6 (27) 
       Certificate/diploma (e.g. childcare, technical) 5 (23) 
       University degree 4 (18) 
       Higher university degree (e.g. Graduate Diploma, Masters, PhD) 7 (32) 
Nutrition specific education 0 (0) 
Relationship status  
       Single 7 (31) 
       Committed dating relationship/engaged 14 (64) 
       Married 1 (5) 
Employment status  
       Student (university) 7 (32) 
       Working full time paid employment 10 (45) 
       Casual employment 5 (23) 
Hours of employment last week  
       None 2 (9) 
       1-15 hours 3 (14) 
       16-24 hours 3 (14) 
       25-34 hours 4 (18) 
       35-40 hours 4 (18) 
       41-48 hours 4 (18) 
       >49 hours 2 (9) 
Annual income (Aus. Dollars before tax)  
       $1-14,999 3 (14) 
       $15,000-$29,999 6 (27) 
       $30,000-$69,999 10 (45) 
        $70,000-$99,999 2 (9) 
       Did not want to answer 1 (5) 
Smoker  
       No 19 (86) 
Height (m), Mean  ± SD 1.7 ± 0.1 
Weight (kg), Mean  ± SD 66.0 ± 10.9 
Body mass index (kg/m2), Mean  ± SD 22.3 ± 2.3 
       Underweight BMI <18.5 1 (5) 
       Healthy BMI 18.5-24.9 19 (81) 
       Overweight/Obese BMI >25 3 (14) 
Special diet (e.g. vegetarian)  
       Yes - Vegetarian (2), Low FODMAP (1), Gluten and Sugar free (1) 4 (18) 
1 Values are n (%) unless otherwise specified 
 
 
4.4.2 Main themes 
Two eating patterns were explored within these qualitative interviews: 
meal skipping and snacking. Potential influences on these eating patterns are 
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reported below using the social-ecological framework as a guide for grouping 
similar influences based on three domains 1) Individual influences; 2) Social-
environmental influences; 3) Physical-environmental influences (63). Potential 
influences from the Macrosystem domain of the social-ecological framework were 
not assessed within this study, due to their distal and indirect role in influencing 
eating patterns (427). Table 4.3 provides details surrounding the emerging 
themes/influences on meal skipping and snacking and how they have been 
grouped according to the social-ecological framework. More influences were 
reported for snacking compared to meal skipping (11 and six respectively).  
 
Table 4.3 Emerging influences and how they are grouped according to the social-
ecological framework 
Social-ecological domain Meal skipping Snacking 
INDIVIDUAL    
 Time √ √ 
 Availability √ √ 
 Lack of hunger √ √ 
 Emotions √ √ 
 Habit √ √ 
 Cost NR √ 
 Health NR √ 
 Taste NR √ 
SOCIAL-ENVIRONMENTAL    
 Social company NR √ 
PHYSICAL-ENVIRONMENTAL    
 Day of the week √ √ 
 Location NR √ 
√ = Reported NR = Not reported 
 
While not a main focus of this study, previous literature has found no 
consensus on the terminology surrounding eating occasions (38). Therefore, it is 
important to consider the language and terminology most frequently used when 
discussing meal skipping and snacking by the participants within this study in 
order to understand the responses.  The participants used terms such as 
breakfast, breaky, lunch, dinner or tea to describe their larger eating occasions 
and terms such as morning tea, afternoon tea, snack and smoko for smaller eating 
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occasions. Brunch was used by a few participants when they spoke about a late 
breakfast/early lunch meal. Beverages were normally spoken about separately 
including tea and coffee breaks, water and alcohol consumption. Consistent with 
other chapters and the participants views, the word ‘snack’ will be used when 
referring to any eating occasion outside of the traditional main meals (breakfast, 
lunch and dinner), beverages will be referred to separately.  
Quotations were selected to illustrate and provide examples of each theme or 
influence identified in the transcripts. Each quotation is supplemented by 
participant demographics to provide context. The demographic context 
information will follow these rules, sex (M=male, F=female), age (years), and living 
circumstances (H=living with parents, OH=living outside the family home with 
friends or partner).   
 
4.4.3 Meal skipping 
Overview 
Breakfast was the most commonly skipped meal, lunch was the second 
most commonly reported skipped meal, while dinner was the least commonly 
skipped main meal.  
The most commonly reported reasons for the skipping of these meals included: 
Breakfast – The importance of the day of the week, in particular the 
influence of weekend days (Physical-environmental domain).  
“I think I’ve eaten it (Breakfast) every day except… every day for the last couple of weeks 
except for like Saturday and Sunday this week.” (F, 25, Home) 
Lunch - These participants were more likely to be working full time and 
thus the frequently discussed reason for missing the lunch meal was being busy at 
work and prioritizing work tasks ahead of eating a lunch meal (Individual domain). 
“Yeah, I didn’t really get an opportunity for lunch, I was seeing patients all day.” (M, 26, 
OH) 
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“So with work it’s really just it’s all sort of about the timing and what I can sort of fit into 
my day.” (M, 30, OH) 
Dinner - Working commitments were noted as the main reason for 
skipping the dinner meal (Individual domain). 
“Yeah, I think probably last week, there was a day where I didn’t have dinner ‘cause…I had 
to work later than normal so I had a later lunch than normal and then just didn’t have 
dinner.” (F, 22, Home)  
The remaining results will be discussed according to their category in the 
social-ecological framework and unless otherwise specified refers to meal 
skipping in general (not specific meals).  
 
Individual influences 
Time 
The lack of time was reported by many as an important influence on 
breakfast skipping behaviours. 
“There’s been a few times when I have gone to work and just because I haven’t found 
time, I’ve skipped breakfast, but it’s just basically a time management thing.” (F, 21, H) 
Time management is particularly important for this age group with many 
participants reporting busy and demanding lifestyles. Because of these competing 
demands meal consumption may not always be the highest of priorities, with 
many young adults prepared to prioritise other activities such as sleep or work 
commitments over regular meal consumption resulting in meal skipping. 
Participants spoke about these competing demands negatively, with no 
confidence that they could adapt or respond to these time constraints.  
“Breakfast has been a tricky thing.. cos I was working and studying a lot so I would just 
leave the house without having anything to eat.” (F, 28, OH) 
“I feel like my routine which, unfortunately, I can’t change ‘cause it’s work, definitely 
prevent me from having a proper sort of lunch meal.” (F, 25, OH) 
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Availability 
The availability of food within the home (a result of food shopping or 
cooking) was reported as an important influence on meal skipping, with limited 
food availability in the house resulting in meal skipping.  
“If there’s a day when I’m busy, or if I haven’t been shopping and I don’t have food in the 
fridge.” (F, 27, OH) 
“Due to sheer laziness and lack of food in the fridge.” (M, 25, OH) 
 
Hunger 
A lack of hunger was reported as an influence on both breakfast and lunch 
skipping. Participants explained that their breakfast skipping habits originated 
from not feeling hungry in the mornings or in more extreme cases eating in the 
morning would make them feel sick and therefore they preferred not to eat.   
“I’m not usually hungry as soon as I get up for some reason and it takes maybe half an 
hour, an hour for me to get an appetite in the morning.” (M, 23, OH) 
“I find I really struggle to eat in the morning.  I usually can’t eat much until 10 o’clock 
unless it’s something really small.  Yeah, really don’t like it.” (F, 25, OH)   
Participants also discussed their previous consumption of food and 
beverage and how this impacted on perceived hunger levels and therefore meal 
skipping. They noted that the ingestion of a large meal the evening before 
influenced their breakfast consumption the next day; a large evening meal the 
night before would more likely result in the omission of the breakfast meal the 
following day due to the lack of hunger. The consumption of alcohol on the 
previous evening was also linked to altered eating behaviors the following day 
including both breakfast and lunch skipping.  
“If I’ve had dinner the night before and I’m still feeling a bit full then I just think... I’ve 
woken up feeling full... I won’t have breakfast this morning.” (F, 28, H) 
“If I'm hung over may not eat breakfast at all.” (F, 22, OH) 
The planned consumption of food for the rest of the day was also seen to 
influence consumption of the breakfast meal with participants indicating they 
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wouldn’t bother with a breakfast meal if they knew they were planning on eating 
a bigger lunch. 
“We would have lunch plans so… then I won’t bother.” (F, 28, OH) 
 
Emotions 
Mood and emotions were reported as influencing lunch skipping 
behaviours. with participants indicting that they would be more likely to skip a 
meal if they were feeling upset or stressed.  
“Generally if I’m busy or if I’m stressed about something, or if I’ve had an argument with 
my boyfriend and I’m upset, that sort of thing.”  (F, 27, OH) 
 
Habit 
Breakfast skipping was regarded as a habit with many participants 
discussing it as a bad habit that they had done for a long period of time. 
“Even in childhood I never had regular meals like I remember mum would have to push me 
to have something to eat for breakfast.” (F, 28, OH) 
 
Physical-environmental influences 
Day of the week 
Day of the week (weekend versus weekday) was documented as being an 
important influence on meal skipping, with several participants reporting 
breakfast skipping more frequently on weekend days compared to weekdays.  
“Oh weekends well sometimes most weekends I don’t eat breakfast just period cos I’m 
usually asleep.” (F, 28, OH) 
The weekend allowed for a less structured day which resulted in increased 
sleep times for many participants. Later waking time disrupted breakfast eating 
occasions and was associated with the eating term “brunch”. This term was used 
by many participants when describing a meal eaten mid-morning as a 
combination of breakfast and a lunch meal. In most cases, a brunch meal resulted 
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in the omission of both the traditional breakfast and lunch meals with no other 
main meal consumed until the dinner meal.  
“So weekends is normally… normally it's either brekky or lunch, at brunch time I'll have 
either brekky or lunch.” (F, 25, OH) 
Similar to breakfast skipping, the day of the week, was an important 
influence on lunch skipping, with lunch skipping reported more often on the 
weekends. This was believed to be caused by a range of differing factors including 
altered sleep patterns and a more flexible schedule. Increased availability of time 
on the weekends was often associated with bigger portion sizes for breakfast or 
brunch resulting in the skipping of the lunch meal.  
“I don’t think I usually eat once (lunch) on the weekend actually.  I think I usually have a 
late breakfast, maybe, I don’t know 11.00 or something, and then I’ll just have dinner.” (F, 
25, H) 
“So on the weekend would usually be different.  Say if I went out for breakfast I'd be more 
likely to have like eggs or an omelette, or something like that.  And if it's a bigger meal I 
probably wouldn't have lunch.” (F, 22, OH) 
 
Consequences of meal skipping 
Participants spoke about the consequences of skipping meals and how this 
impacted on their subsequent eating patterns. Many explained that the omission 
of the breakfast and lunch meal resulted in increased snacking and bigger portion 
sizes of following meals throughout the day.  
“There’s been so many times where I have skipped breakfast and I really shouldn’t have 
because I find I snack more during the day and I get hungrier because I missed that meal.” 
(F, 21, H) 
“Most days I’ll eat lunch otherwise I will have like lots of snacks.” (F, 28, OH) 
“If I haven’t eaten enough during the day (meal skipping), then I’m really hungry at night, 
so then I’ll eat more in the evening.” (F, 27, OH) 
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The timing and size of subsequent meals throughout the day were also 
reported to be altered as a result of missing the breakfast meal.  
“I miss breaky and then I might have lunch at about 12 a bit earlier and have a pretty big 
lunch if I miss breaky um yeah.”  (M, 23, OH) 
 
Summary 
Meal skipping was reported by the majority of participants (86%). 
Breakfast was the most commonly skipped main meal followed by lunch and then 
dinner. Five correlates were discussed that could be considered to the part of the 
individual domain of the social-ecological framework (time, availability, hunger, 
emptions and habit), with one correlate from the physical-environmental domain 
(day of the week).  
 
4.4.4 Snacking 
Overview 
Daily snacking was reported by all 22 participants. The biggest influence on 
snacking was availability; many participants identified the significance of easily 
accessible foods and this was seen to be important for snack choice but also 
frequency of consumption (Individual domain).  
“I think if you're going to snack on something it needs to be something that's immediately 
available.” (M, 25, OH) 
 
Individual influences 
Availability 
The availability of snack foods was highly influential to snacking frequency.  
“It just becomes availability, whatever's in the cupboard.” (M, 27, OH) 
Not only were participant influenced by the food that was available within 
their own home but also by what was available in their workplace/place of study. 
Many workplaces mentioned offered staff free food; food items ranged from fruit, 
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bread and sweet baked goods. Facilities of workplaces/place of study were also 
influential with vending machines and on-site cafes mentioned within interviews. 
The participants who spoke about unhealthy snacking in the workplace/place of 
study were individuals who did not bring or prepare snacks to bring to work.  
“The availability of certain foods, like the fact that we have the free bread here, and that 
definitely influences 'cause I eat a lot of bread as it's available for free.” (M, 27, OH) 
“I’d call it usually unhealthy snacking.  Yeah, it’s… we’ve got a vending machine at work so 
it contains chocolates and chips, so that’s all my choices.” (F, 25, OH)   
 
Time 
Snacks were seen by many participants as an eating occasion that requires 
limited preparation (ready-made foods) or readily available foods, with an 
increase in available time linked to an increase in both frequency and portion size 
of snacks. This included time for both preparation and consumption.  
“Pretty much anything that can be eaten immediately without any preparation.” (M, 25, 
OH) 
“It’s properly just the time factor I’d say. I have a lot of time on my hands I’d tend to snack 
more.” (F, 28, OH) 
 
Hunger 
Participants frequently spoke about the feeling of hunger and how it 
influenced their snacking behaviours. Many of them reported hunger sensations 
to be one of the most important influences for snacking or eating between meals. 
“Sometimes I just get a bit hungry or I feel I won’t last the whole three hours or four hours 
to lunchtime.  By that time I’ll be starving, so something to tide me over really.” (F, 21, H) 
“But generally, as I said, it’s more based on hunger rather than anything else.” (M, 26, 
OH) 
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Emotions 
In comparison to feelings of hunger many participants also reported that 
boredom was a highly influential factor on snacking frequency.  Many participants 
reported they ate more snacks when they felt bored or needed a break from what 
they were doing. Boredom was seen as more influential than hunger with most 
participants reporting they ate when they were not particularly hungry. 
“Probably just boredom I would say more than anything.  No particular… not hungry… or 
I’ll be hungry but it won’t be like really, really hungry, I’d just be bored and can’t think of 
anything better to do, probably why.” (F, 22, H)  
 “Yeah, only if I’m literally doing nothing but sitting then I tend to eat junk just because I’m 
bored.” (M, 26, OH) 
Stress and loneliness felt by the participant also influenced snacking. These 
feelings were spoken about in relation to moving out of the family home, studying 
for university or TAFE exams and coping with developing relationships.  
“When I’ve been living by myself I ate more (snacks) because just I think out of loneliness.” 
(F, 28, H) 
Stress was a commonly reported influence on snacking, and appeared to 
positively influence the consumption of energy-dense snack foods. Consumption 
of alcohol, tea and coffee were also reported to increase during stressful times.  
“I probably... I'd eat more chocolate if I'm stressed, or eat chocolate.  I don't really eat it 
normally, but yeah, I'd be more likely to eat like chocolate or ice cream, things like that.  
Like less healthy snacks.” (F, 22, OH) 
 
Habit 
Nineteen of the 25 participants spoke about regular or habitual snacking 
patterns and consuming the same kinds of foods regularly.  
“Generally for me it’s sort of out of habit so I mostly buy the same snack foods.” (M, 30, 
OH) 
“The snacks don’t change. I’ll always have the go to things that I always have.” (F, 22, H)   
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Two female participants spoke about snacking habits that they had 
developed from a young age continuing into young adulthood. 
“The things that we used to have when we were little, for morning tea we’ll have a biscuit, 
like a sweet biscuit, like a Malt ‘O’ Milk or something like that with a cup of tea, or a 
chocolate biscuit with a cup of tea after dinner and that’s a habit that I’ve got.” (F, 26, H) 
 
Cost 
This transient phase of young adulthood can also be linked to low levels of 
disposable income and many participants indicated that cost was a constraint on 
their snacking behaviours. Price discounts and value for money buys were 
mentioned frequently in relation to the purchasing of snack foods, with increased 
purchases of lower priced items. Due to the nature of sales, these sale snack 
items were more likely to have a lower nutritional value.  
“Obviously being a student, I try to be mindful of how much I spend.  So, most days I tend 
not to buy snacks.” (F, 27, OH) 
 “If I’ve walked passed like a really nice chocolate block, the really weird Cadbury ones, 
‘cause they’re not that cheap.  If they happen to be on sale, I’d probably buy it.” (F, 22, H) 
 
Health  
Health was reported by five participants when choosing snack foods. Fruit 
was commonly reported to be a ‘healthy’ snack choice. Weight status was noted 
in relation to snacking frequency, although inconsistent results were reported. 
The majority reported limiting their snacking frequency and portion sizes for 
weight maintenance or to limit weight gain while two participants (1 male, 1 
female) reported needing to increase their snacking frequency for weight/muscle 
gain.  
“So to watch my weight, like maybe I can eat sultanas but just watch the amount I’m 
eating.” (F, 24, OH) 
Other health-related behaviours such as physical activity and smoking 
were also noted to influence snacking. Physical activity was influential to the 
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timing, frequency and consumption of dietary supplement snack foods (e.g. sports 
drinks, and protein powders), with this behavior more commonly seen in male 
participants.  
“If I’m going to the gym I’ll have something an hour beforehand, and that would be a little 
bit of a snack like, a banana or something light that’s going to sit in my belly and not 
either give me an upset tummy at the gym.” (M, 25, H) 
Inactivity was also reported to influence the frequency and volume of 
snacking with a female participant reporting she ate less during a period of 
inactivity. 
“I find that given my current state of inactivity… I don’t have a way to burn it off and I 
don’t find that I need it as fuel, like I don’t need that energy.” (F, 26, H) 
Only one participant spoke about smoking and how this influenced her 
snacking behaviours. During periods of increased smoking she reported snacking 
frequency to be lower.  
“I do find that when I am smoking it does affect my eating habits, because if… I’m hungry, 
the craving for nicotine can be very similar to hunger, so generally if am hungry I will tend 
to smoke rather than eat.” (F, 27, OH) 
 
Taste 
The impact of taste on snacking was mentioned infrequently by 
participants, however it was reported to positively influence consumption of both 
healthy and unhealthy snack options. Taste and the importance of health were 
traded off against each other with many participants happy to forgo the health 
aspect if they enjoyed the taste, while others preferred to focus on the health 
aspect of the snack food.  
“It wouldn’t really be from a health perspective, it would be from like more it’s delicious.” 
(F, 25, H) 
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Social-environmental influences 
Social company 
Participants spoke about consuming snacks in the company of others, and 
how this influenced both the frequency and nutritional content of the snack foods 
consumed. Friends or peers were considered to influence the nutritional content 
of snack food consumption both positively and negatively. The notion of being 
judged on your snack choice was brought up by one participant. 
“It depends on the social group that I’m with, if I’m around people that would be like oh 
yeah, we’ll all go get a Mars bar, then I’ll get a Mars bar.  But if they’re people that might 
frown on that, I’m less likely to want to eat something like that.  Or I could really well want 
to eat it more but don’t because those people might kind of judge, if that makes sense.” 
(F, 26, H) 
Despite the social influence of friends having mixed impact on the 
nutritional content of snacks, it was seen to have a consistent, positive influence 
on snacking frequency and quantity.  All the participants reported an increase in 
alcohol consumption, coffee consumption and eating outside of the home, whilst 
in the company of friends. 
“When I catch up with them (friends) on weekends, we go to a pub, we go camping, we do 
whatever but we’ll always drink.” (M, 23, H) 
“So I guess that social component was there.  If we weren't going to the cafe then maybe I 
wouldn't have started buying coffee.” (M, 30, H) 
Family were also identified as being influential on snacking behaviours. 
Nine participants reported living with family members while all the participants 
spoke about regularly eating at family members’ houses. The family influence on 
snacking was reported to have mixed effects. The majority of the participants 
reported increased snacking whilst in the company of their family. This was 
related to the increased availability of snack foods whilst in the company of family 
members. The participants who did not currently reside with family members 
reported that their family’s home had a greater availability of unhealthy snack 
foods compared to their own home.  
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“Definitely eat more (snacks) with family…  I will notice myself snacking more because 
Dad's always got cheese and bikkies and salami out or something like that.” (F, 25, OH) 
“If I go back to my parent’s place, find I get a lot more chips and snacks.” (M, 23, OH) 
Female participants were less likely to snack in the company of members 
of their family with one participant indicating that her mother’s presence resulted 
in decreased snacking frequency.  
“Because mum’s home to watch me usually, so I tend not to snack as much just because 
she’ll be like…’stop going to the pantry.” (F, 21, H) 
The final social influence came from partners of participants, with fifteen 
of the participants reporting having a partner. The influence of a partner on 
snacking behaviours was mixed; partners acted as both support for and a barrier 
to healthy snacking. This was sex-specific; female partners were generally 
reported to be supportive of healthy snacking behaviours, while male partners 
were generally reported to act as a barrier to healthy snacking.  
“If I’m with Jayne (gf) then it’s (snack) more likely to be something a bit more nutritious.” 
(M 25, H) 
“My partner eats a lot more junk food than I do.  So, for example, last night after we had 
dinner, he comes back with salt and vinegar chips and Pringles.  I was like, I wasn’t going 
to eat anything else, I’m not really that hungry, but we’ll sit down and watch a movie 
together and I’ll eat some.” (F, 27, OH) 
Snacking was regularly reported to occur when participants were alone, 
with the frequency and portion sizes of snacks reported to increase. The 
nutritional content of snacks consumed in isolation was regularly reported to be 
lower than snacks consumed in the presence of others. Much of this isolated 
eating was because either no one else was at home at the time or the snack break 
was not scheduled with anybody else. 
“If I’m alone I snack a lot more, just because there’s no-one to deter me.” (F, 21, H) 
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Physical-environmental influences 
Day of the week 
Snacking frequency on weekend days was reported with mixed results. 
Individuals who consumed a higher volume of snacks on the weekend listed 
increased time, availability and exposure to snacks foods as influences which were 
linked to less structured weekend days.  
“I’d say on weekends I’m probably more likely to snack.” (M, 23, H) 
When decreased snacking on weekends was reported, it was attributed to the 
increased portion sizes of main meals consumed and therefore not feeling hungry 
between meals. These increased portion sizes were linked to an increase in time 
available to cook a larger meal, for example, more time to cook a large hot 
breakfast on the weekend.  
“Less of the snacks, but bigger, bigger main meals.” (M, 27, OH) 
 
Location  
The frequency of snacking ranged across eating locations with the home 
regularly reported to be a popular location for snacking. The workplace was the 
second most commonly reported place for snack consumption.  
“If I’m home I probably tend to snack a bit more” (F, 21, H) 
Snacking in transit (e.g. while driving a car) was reported by seven 
participants. Transit eating was mainly conducted as part of a routine or a source 
of entertainment on the road and were often foods with limited nutritional value. 
The snack foods were often acquired from service stations/pit stops on the road 
and food items that were able to be eaten one handed whilst driving.  
“If I'm in the car I'll probably be snacking on lollies.” (F, 25, OH) 
“I’ve got it in my routine that I have a coffee in the morning... just to have something to 
keep me occupied while I’m driving.” (M, 25, H) 
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Interactions between meal skipping and snacking 
Meal skipping was discussed as influencing snacking behaviours. Snacking 
frequency increased following the omission of a main meal, with some 
participants reporting a snack might act as a replacement for missing a main meal.  
“There’s been so many times where I have actually skipped breakfast and I really shouldn’t 
have because I find I snack more during the day.” (F, 21, H) 
“Most days I’ll eat lunch otherwise I will have like lots of snacks.” (F, 28, OH) 
 
Summary 
All participants reported snacking daily. Eight correlates were discussed 
that could be considered to be a part of the individual domain of the social-
ecological framework (time, availability, lack of hunger, emotions, habit, cost, 
health and taste), with one correlate from the social-environmental domain 
(social company), and two from the physical-environmental domain (day of the 
week and location).  
 
4.5 Discussion 
Main findings 
This qualitative study explored perceived influences on meal skipping and 
snacking behaviours in young adults. The results indicate that the breakfast meal 
was the most frequently skipped meal in comparison to the lunch or dinner meal. 
General meal skipping was undertaken by 82% of the sample and was impacted 
by a range of influences (n=6) with the majority coming from the individual 
domain of the social-ecological framework (n=5). Daily snacking was engaged in 
by all participants and was also influenced by a variety of factors (n=11), the 
majority of which were from the individual domain of the social-ecological 
framework (n=8). Perceived lack of time and the day of the week (weekday vs 
weekend day) were associated with both types of eating behaviours but the 
availability of food was associated mainly with snacking behaviours. Many of the 
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reported factors operated in conjunction with other factors, highlighting the 
complex nature of meal skipping and snacking.   
 
Perception of time 
Most of the participants reported that the perception of time or the 
perceived lack of time influenced both meal skipping and snacking behaviours. A 
lack of time or time scarcity refers to the perceptions of not having enough time 
to complete the tasks that an individual wants or needs to do in a specific time 
period (428). Unlike objective time (e.g. number of hours spent commuting) the 
perception of time is personal and can have varying interpretations depending on 
the individual (429). Zimbardo has defined an individual’s time perspective as one 
of the most powerful influences on human behaviour (430). Young adults appear 
to be particularly sensitive to time prioritisation, with time often reported as the 
biggest barrier to the performance of behaviours such as food preparation (431), 
fruit and vegetable consumption (432, 433) and physical activity (432).  
A perceived lack of time was reported in the current study to increase 
meal skipping, in particular breakfast skipping, a finding that is consistent with 
previous research in this age group (100, 163, 166, 168, 175, 186-190). Young 
adults are within a period of self-growth; adapting to increased independence and 
taking responsibility for their lifestyles (62). Changing living, education and 
working environments force individuals to learn to prioritise tasks such as 
budgeting, cooking, food shopping, social responsibilities, and study and/or work 
commitments. Failure to do so often results in poor eating habits (52). The time 
management skills developed during this period may have significant impact on 
future lifestyles and eating behaviours (62).  
The results of this study also highlight the influence of perceived time 
availability on snacking behaviors. Perceived greater time availability was 
associated with increased snacking frequency. In contrast, a recent review of 
snacking motivations by Hess et al. (129) failed to report time as an influence. This 
might be due to the varying age ranges of the studies included in their review 
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(children, adults) and the dissimilar ways those within different age brackets 
prioritise their time commitments (434). Another explanation as to why studies 
fail to report time as an influential factor may be that they simply did not ask 
about the issue of time or that the research methodology did not allow 
informants to raise the issue of time as a barrier. Additionally, as time is a complex 
construct, with varying individual perceptions and definitions, it is possible that 
perceived time scarcity may have been masked by other psychological dimensions 
such as boredom (435). Feelings of boredom, or the perceived lack of importance 
of the task at hand, is a complex construct that may well create a perception of 
increased time availability (436), thus masking the influence of perceived time and 
its influence on snacking behaviours. The present findings suggest that a 
perceived lack of time availability is positively associated with meal skipping and 
inversely associated with snack consumption.  
 
Day of the week  
Day of the week was mentioned as an influence on both meal skipping and 
snacking behaviours in the current study. Results are consistent with previous 
research in both young adults and older adults, reporting more irregular eating 
patterns on weekend days compared to weekdays (437, 438). Across both studies, 
weekday food consumption was highly routinised with a tightly packed program 
of scheduled activities or tasks to complete (e.g. further education or working 
commitments). Weekends on the other hand, were characterised by times of 
unpredictability with more flexible schedules (437, 438). Similar to previous 
research, participants in the present study reported more flexible agendas on 
weekends, leading to increased sleeping, which resulted in meal skipping. These 
results were seen for both student and working participants, which other studies 
failed to report. 
In contrast to meal skipping, mixed findings were reported with regards to 
the influence of day of the week on young adults’ snacking frequency. Some 
participants reported a positive association with an increase in snacking frequency 
on weekend days, while others reported an inverse association, with snacking 
Chapter 4: Qualitative Examination 
 
109 
 
consumption lower on weekend days. Previous studies looking at snacking 
frequency across a range of ages, did not report a significant difference in snack 
consumption for the day of the week (439). This might be a result of the varying 
ages of participants in the study (1-60 years) and how the day of the week 
influences individuals differently due to varying schedules.   
 
Availability of foods  
The notion of time is closely related to the availability of food; lack of time 
may influence what is available within the home environment due to a lack of 
food shopping, preparation or cooking (440). There has been little research on 
food availability as an influence on snacking eating behaviours in this age group, 
however findings from the present study suggest that increased household 
availability of food items is positively associated with snacking frequency.  
The influence of household availability on snacking frequency has been 
rarely assessed in young adult populations however, research within adolescents 
and children suggests that the household availability of food has a positive 
influence on snack consumption (both healthy and unhealthy) (441-445). 
Similarly, a qualitative study in African-American women found that availability 
was one of the most frequently mentioned influences on snacking frequency 
(446). The present findings support those from previous studies, with increased 
availability and access to food items within the home and workplaces positively 
associated with snacking frequency.  
The availability of foods within the home is related to the perceived cost 
and/or lack of money an individual or household may have (a direct result of 
having enough money to buy food) (447). Previous research has found a positive 
association between lack of money and increased meal skipping due to a 
decreased availability of food items within the home (100, 187, 188). 
Contradictory to previous research, the current study did not report financial 
constraints as an influences on meal skipping. This may be due to a possible 
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financial reliance on parents (448) or the error associated with income 
measurement (449).  
In contrast to meal skipping, financial constraints were reported to be 
inversely associated with snacking frequency. These findings are inconsistent with 
prior research, which found that individuals were food insecure without hunger 
(30-60 years) snacked more often, and consumed more calories from snacks then 
those who were food secure (450). The difference may be related to the 
increased age of the participants in the study by Zizza et al. (450), with differing 
disposable incomes and spending priorities seen within different age groups 
(451).  
In summary, the present study reported a range of factors that are 
associated with young adults meal skipping and snacking behaviours. The 
perception of time or lack of time and the day of the week (weekday vs weekend 
day) were most frequently reported influences on both eating behaviours, while 
the availability of food was associated mainly with the snacking frequency of this 
age group. These findings have the potential to change the way that current 
public health strategies or interventions are designed. As time is a temporal 
structure, the perception of time is likely to change as people’s priorities develop 
and shift (429). Future public health interventions need to target young people’s 
perceptions of time by educating them on how to manage time efficiently or 
differently (e.g. making a breakfast meal the night before). Simple changes to 
individuals’ time management could have important ramifications for future 
breakfast consumption in this age group. Tips surrounding shopping and food 
planning for the week has the potential to increase the availability on both 
weekdays and weekend ends of healthy snack options within the home thus 
influencing snack consumption.  
 
Strengths and limitations 
The present study has several strengths. Firstly, this is one of first studies 
to qualitatively explore the self-perceived influences on snacking and meal 
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skipping behaviours in both male and female young adults from a community 
setting. Previous qualitative research has focused on fast food consumption, (452) 
fruit and vegetable consumption (453) or has focused on university or college 
populations (202). Secondly, recruitment for this study employed the use of 
“purposive sampling” to recruit participants who varied by sex, age and living 
circumstance. This recruitment method facilitated the emergence of maximal 
variation of themes during the interviews. Thirdly, the conduct of interviews by 
varying methods (face-to-face and over the phone) ensured data was collected 
from a diverse sample of participants not only those who could travel to the study 
site to complete the interview.  
This study also has some limitations. Firstly, qualitative research 
methodologies are only able to explore what people experience consciously (395). 
Many influential factors however, are not always able to be consciously identified 
by participants (223). Therefore, the results, are limited to factors that are able to 
be reported by the participants and are only those considered as viable and 
influential. Previous research by Wansink and Sobal (223), suggests environmental 
or atmospheric, influences such as temperature, lighting, odor and noise, and 
sensory and physiological influences also influence immediate eating occasions 
and are often not consciously reported or examined in qualitative research .  
Secondly, this study explored perceived correlates of meal skipping and 
snacking behaviours within healthy young adults residing in Victoria, Australia. 
Therefore, the results may not be transferable to other populations of young 
adults who live in different locations or experience different living environments 
such as having young children in the home which has been reported to have an 
impact on eating behaviours of parents/ primary care givers (454). None of the 
participants within this study had children of their own, therefore results may not 
representative of young adults with children.  
Thirdly, this study highlighted the lack of consistency in the terminology 
and definitions of meal skipping and snacking behaviours. For the purpose of this 
study, the participants reported their own eating occasions and terminology 
surrounding these eating occasions (e.g. brunch). Recent research has highlighted  
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inconsistencies in the ways that individuals define “snacks” and how these 
definitions can be based upon varying factors (e.g. time of eating, energy content 
or food profile) (38). This can be seen as a possible limitation as it is possible that 
the correlates reported were influenced by how individuals classified their eating 
occasions (38).  
 
Implications for future research  
Further research is required to examine the generalisability of these 
findings in other populations of young adults outside Victoria. Future studies may 
benefit from interviewing young adults from different regions, living 
environments, those with children, diseased populations or cultures/religion to 
confirm that these sub-groups experience influences similar to those reported in 
the current study. Secondly, a standardised approach to defining meal skipping 
and snacking occasions would provide clarity and allow for greater comparisons 
between studies.  
   
4.6 Conclusion 
This study successfully identified and explored perceived influences on 
meal skipping and snacking eating behaviours experienced by young adults. This 
study is one of the first qualitative studies to examine these influences in young 
adults. The results have important implications for future public health strategies 
and interventions among young people. The perception of time or the lack of time 
was reported to be positively associated with meal skipping, while inversely 
associated with snacking. The availability of food items was reported to be 
positively associated with snacking frequency with an increase in food items 
resulting an increase snacking occasions. The day of the week (weekend day 
versus weekday) provided mixed associations with snacking behaviours, with 
some participants reporting a positive association while others reporting an 
inverse association. Perceptions surrounding time, the availability of foods and 
eating behaviours on weekend days may be modifiable and could potentially be 
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targeted in interventions and public health strategies to modify snack frequency 
and reduce meal skipping behaviours in young adults.  
The themes identified within this chapter were used to guide the development of 
a quantitative measure created to quantify correlates of meal skipping and 
snacking. The following chapters report a quantitative study including these 
variables to help give further understanding of the factors that are associated 
with meal skipping and snacking in young adults.  
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Chapter 5: Quantitative exploration of meal skipping 
correlates in young adults using FoodNow  
 
5.1 Introduction 
Meal skipping is the omission or failure to consume one or more 
traditional main meals (breakfast, lunch or dinner) throughout the day (101). 
Chronic disease risk factors such as poor diet quality (92), lower intakes of total 
energy, vitamins and minerals (93-95), central adiposity (26, 27), markers of 
insulin resistance (27, 111) and cardiometabolic risk factors (27, 112) have all 
been associated with frequently skipping meals, particularly the breakfast meal.  
Meal skipping rates are higher among young adults compared to other age 
groups. A recent systematic review conducted by the candidate found that meal 
skipping rates in young adults ranged between 4.8-83.3%, with rates for skipping 
specific main meals varying: breakfast (14-89%), lunch (8-57%), dinner (5-47%) 
(157). Similarly, findings from the Australian Health Survey 2011/12 showed that 
39% of Australian young adults (19-24 years) ate breakfast less than 5 days per 
week, compared with 10% of children (8-11 years) and 4% of adults (>65 years) 
(20). Despite the significant detrimental health implications of meal skipping and 
its increased prevalence among young adults, limited research has investigated 
the correlates of this unhealthy eating behaviour. 
Conceptual models or frameworks are useful for understanding and 
explaining correlates of behaviours such as meal skipping. This chapter will use 
the framework developed by Story et al. (63), and outlined in previous chapters to 
categorise correlates of meal skipping. This social-ecological framework is made 
up of the following four domains 1) Individual influences 2) Social-environmental 
influences 3) Physical-environmental influences; 4) Macrosystem influences (63), 
and has been used previously in eating behaviour research (63, 155). Previous 
qualitative research conducted by the candidate has utilised this framework to 
identify potential correlates of meal skipping across the individual, social-
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environmental and physical-environmental domains. Potential influences from the 
macrosystem domain of the social-ecological framework will not be assessed 
within this study, due to their distal and indirect role in influencing eating patterns 
(427). 
Meal skipping in young adults has been associated with a range of 
correlates, with the majority of these identified within the individual domain of 
the social-ecological framework (157). Individual correlates documented within 
the literature include sex (98, 177, 180, 184), age (166, 175), ethnicity (166, 170, 
183), BMI (161, 164, 165), education (166, 168), physical activity (165), 
psychological wellbeing (185), time (175, 186, 187, 190), hunger (166, 175, 188), 
weight control (100, 168, 187), money (100, 187), habit (175, 186), religion (100, 
187), taste (186) and cooking skills (188). Identified correlates of meal skipping 
from the social-environmental domain include social desirability (186), while 
correlates from the physical-environmental domain include rural or remote living 
environments (180), and housing types (99, 163, 172). The review conducted as 
part of the literature review of this thesis identified many correlates which are 
reported to be associated with meal skipping whilst also highlighting the present 
lack of consistency in the methodologies used to define and measure meal 
skipping within the literature (157). Currently used methods include dietary intake 
assessment (24-hour recalls and food diaries), specifically  designed FFQ, binary 
response questions and multi-choice items. Definitions of meal skipping are 
dependent on the measurement method used and there is a lack of consistency 
across the literature (157). The wide variety of measurement methods and 
definitions used within the literature provide a significant gap in the literature as 
they make comparisons between studies challenging.  
In addition, the correlates of meal skipping may vary throughout the day. 
Research suggests that correlates may differ depending on whether the meal 
being skipped is breakfast, lunch or dinner. Limited research has assessed 
correlates specific to the skipping of individual meals. The identification of these 
meal specific correlates will enable more targeted public health messages aimed 
at prevention of meal skipping in young adult population to be communicated. 
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5.2 Aim 
To quantitatively examine correlates of meal skipping (any meal) and 
breakfast, lunch and dinner skipping in a young adult population using FoodNow.  
 
5.3 Methodology 
5.3.1 Participants 
For this study, participants were between the ages of 18 and 30 years 
inclusive and living in Victoria, Australia. Women currently pregnant or lactating 
were excluded from recruitment due to potential variations in their eating habits 
and food intake. Recruitment was restricted to participants living in the state of 
Victoria to ensure our results were consistent for this region and not influenced 
by varying locations. 
At the time of study design, there were limited data available to base a 
sample size estimation from, however the mean ± SD of daily eating occasions in 
USA adults was estimated at 4.9 ± 3.89 (132). To correctly estimate the mean 
number of eating occasions with a 95% confidence interval, 10% precision and 
90% power, a sample of 663 individuals was required.  
 
5.3.2 Procedures  
Data for this study were collected as part of the Measuring EAting in 
everyday Life Study (MEALS). This cross-sectional study recruited young adult 
participants from April 2015-April 2016. Multiple recruitment methods were used 
for this study to ensure that a diverse sample of young adults were recruited. 
Methods included both online (Facebook, Twitter) and physical methods (poster 
advertisements, flyers) and are outlined further in Appendix 3F.  
Participants completed an online consent form (via interactive PDF). They 
were asked to complete an online questionnaire created on the Qualtrics an 
online questionnaire platform, which was distributed via email using an individual 
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URL link (Appendix 5A and 5B) and a Smartphone food diary app (FoodNow). 
Following completion of the questionnaire, each participant was emailed an 
instructional video link that contained information on how to download, log in 
and use the FoodNow app (Appendix 5C). A full description of the FoodNow app is 
presented in Chapter Three of this thesis. Participants recorded all eating and 
drinking occasions within the FoodNow app over four non-consecutive reporting 
days, as allocated by the researcher (Appendix 3I). Push notifications were sent to 
participants if they failed to report anything in the app for a three hour period 
during waking hours (9AM-9PM), and acted as reminders/prompts to use the 
FoodNow app. Following completion of the FoodNow app, a thank you letter and 
$25 voucher were sent to each participant.  Ethical approval was received from 
Deakin University Human Ethics Advisory Group, Faculty of Health (HEAG-H) in 
February 2015 (HEAG-H 11_2015).  
 
5.3.3 Measures 
Meal skipping (outcome variable) 
Meal skipping was assessed using data collected from the FoodNow app. 
Participants used the FoodNow app on four non-consecutive days (three 
weekdays and one weekend day) over an eight day period to record food and 
beverage intake (5). Data collection, cleaning and coding of the FoodNow app 
data followed the same procedures as those reported in Chapter Three, Section 
5.2.  
The FoodNow app asked participants to record all eating occasions, 
however to assess meal skipping, participants completed a number of questions 
on the day following an active reporting day (Chapter Three, Section 5.2). This was 
necessary to be able identify eating occasions that were skipped rather than 
meals that had been forgotten to be reported. The “following day” questions 
were completed after each active reporting day and included questions relevant 
to the previous reporting days covering sleep times, supplement use and meal 
skipping and misreporting habits. The question used to measure meal skipping 
was “Were there any eating occasions that you did not eat/skip?” Response 
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options were yes/no. If yes was selected the name of the eating occasion/s that 
were skipped/did not eat was selected from a drop down menu. The following day 
questions also measured misreporting habits to compare if an eating occasion 
was actually skipped or if the participant had failed to report it. The question used 
to measure misreporting was “Were there any eating occasions that you did not 
report?” Response options were yes/no. If yes was selected the name of the 
eating occasion/s that were not reported were selected from a drop down menu. 
These data provided a self-reported description of which eating occasions were 
skipped on the previous reporting day as opposed to those that were not 
reported.  
Due to the format of the meal skipping data participants were categorised 
into meal skippers (any meal), breakfast skippers, lunch skippers and dinner 
skippers based on the following criteria. Meal skipping (any meal) was defined as 
skipping ≥25% of all traditional main meals (breakfast, lunch and dinner) across 
reporting days (26). Across four days of reporting, there were 12 possible main 
meals, with a meal skipper (any meal) identified as those skipping 4 or more 
traditional meals. Specific meal skippers were categorised with a similar criteria; 
skipping ≥25% of the specific meal across the reporting period (26). An individual 
participant may have been categorised as meal skipper (any meal) and/or a 
specific meal/s skipper (i.e. they could be both a breakfast and lunch skipper). 
There are many different definition used to define meal skipping in the current 
literature (157), this method was the only method currently available  that could 
be used on multiple days of dietary data without collapsing the data. The 
unnecessary collapsing of data can result in false associations and whilst affecting 
inferences drawn from the data (455). 
 
Correlates of meal skipping (explanatory variables) 
Potential correlates of meal skipping were measured using an online 
questionnaire. The questionnaire contained potential correlates of meal skipping 
from the three domains of the social-ecological framework (individual, social-
environmental and physical-environment) as originally proposed by Story et al. 
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(63). The design of this questionnaire was informed by reviewing the previous 
literature (157), and results of the qualitative interviews reported in Chapter Four 
of this thesis. Where possible, previously developed items from the literature that 
have been shown to be reliable were used. Table 5.1 presents the full list of 
measures included in the survey with response options and data on reliability, 
which will be described below.  
 
Individual level correlates  
Multiple correlates were assessed from the individual domain of the 
social-ecological framework. Demographics of the participants were measured in 
the online questionnaire. Highest education response options were categorised as 
“holding a university degree” and “not having a university degree” (456). Ethnicity 
was measured as country of birth and was categorised as “born in Australia” and 
“born outside of Australia”. The avoidance of food due to culture/religion was also 
measured in the online questionnaire; participants were required to select if they 
avoided any foods due to culture, religion or ethical reasons (yes or no) (457). 
Health behaviours, such as smoking status were measured and were 
categorised as “never smoked”, “used to smoke”, or “current smoker” (456). 
Physical activity (PA) was measured in the online questionnaire by the 
International Physical Activity Questionnaire (IPAQ) - Short form (458). This 
validated questionnaire assesses PA, specifically walking, moderate-intensity 
activities and vigorous intensity activities in both frequency and duration. From 
these total minutes/week of various intensities of PA were calculated. Time spent 
in vigorous and moderate intensity PA per week was compared with the national 
guidelines for PA (>150 minutes of moderate or >75 minutes of vigorous activity 
per week) (459) to categorise participants into whether they “met” or “did not 
meet PA guidelines”.  
A range of pre-existing validated multi-item scale measures were used 
within the online questionnaire to measure time as a barrier, self-efficacy, food 
insecurity and a general knowledge nutrition measure.  
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Time as a barrier was measured by a four item measure used previously in 
Project EAT (460), with items scored 1-4 resulting in a composite score 4-16. Self-
efficacy was measured by an adapted version of Sallis’s self-efficacy scale for 
health-related diet and exercise behaviours (461), with 17 items summed 
together resulting in a score between 17 and 85. Food insecurity was measured 
by the guide to measuring household food security scale (462), which is a five-
item scale with each affirmative response awarded one point. Responses are 
summed to form a scale with a score ranging from 1-6. A 51 item scale General 
Nutrition Knowledge Questionnaire was used to assess the relationship between 
knowledge and dietary behaviour, with each correct item was awarded one point, 
these were then summed to form a score from 0 to 51 (463).  
Mood, hunger, weight control, habit and taste were assessed using items 
which asked participants “How likely are the following factors going to result in 
SKIPPING a main meal (breakfast, lunch or dinner)?” These items had five-point 
Likert scale (not at all likely to extremely likely). Due to lack of existing measures, 
these items was created specifically for this study based on the qualitative 
interviews with young adults conducted in Chapter Four. To ensure these new 
items were accurately measuring their respective measures a test-retest sub-
study was conducted on these items only. Ninety participants completed this test-
retest sub-study, over a period of two weeks, with agreement measured by 
weighted kappas. Moderate agreement (weight kappas 0.41-0.60) were recorded 
for mood, hunger and habit measures, with fair agreement (weight kappas 0.21-
0.40) for weight control and taste. A full description of this test-retest sub-study 
and its results can be found in Appendix 5D. 
 
Social-environmental  
The social-environmental correlates considered as being potentially 
associated with meal skipping were the preference of others at the eating 
occasion and relationship status. The preference of others was measured in the 
purpose-designed questionnaire item which asked participants “How likely are the 
following factors going to result in SKIPPING a main meal (breakfast, lunch or 
dinner)?” This item were assess on a five-point Likert scale (not at all likely to 
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extremely likely). Test-retest results found fair agreement (weight kappas 0.21-
0.40) for this item, with full results reported in Appendix 5D. Relationship status 
was measured in the online questionnaire and was categorised as “in a 
relationship” or “not in a relationship”. 
 
Physical-environment  
Housing type and socio-economic living environment (377) were 
investigated for associations with meal skipping from the physical-environment 
domain. Current housing or living situation was measured in the online 
questionnaire and were categorised into three categories based on living with 
family, friends or alone. Social-economic position was measured by the Australian 
Bureau of Statistics Socio-economic Index for Areas (SEIFA) Index for Relative 
Socio-economic Disadvantage (377), where postcodes were used to assign a 
composite index score. These scores were derived from Census data relating to 
attributes such as low income, low educational attainment and unskilled 
occupations and were categorised into high, medium or low categories.  
 
Covariates  
Body mass index (BMI), sex and age were considered as covariates in this 
study, as recent literature suggests that these variables are associated with meal 
skipping and the included correlates (98, 161, 166, 177, 184). Height (cm) and 
weight (kilograms) were self-reported by participants in the online survey and BMI 
was calculated as weight (in kilograms)/height (in meters2) (8). 
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Table 5.1 List of the measures and responses considered as potential correlates of meal skipping in young adults grouped according to the social-
ecological framework  
 Measure Responses Item type Range Reliability 
Individual influences  
Education What is the highest qualification you 
have completed? 
Original response options: No formal qualifications, Year 10 or 
equivalent, Year 12 or equivalent, Trade/apprenticeship, 
Certificate/diploma, University degree, Higher university degree 
 
Collapsed responses: University education OR No university 
education 
Individual 
item 
1-2 (456) 
Ethnicity Which country were you born in? Original response options: Australia, United Kingdom, Italy, 
Greece, New Zealand, Vietnam, Other 
 
Collapsed responses:  Australia OR Other 
Individual 
item 
1-2 (464) 
Culture/religion Do you avoid any particular foods 
because of cultural, religious or 
ethical reasons?  
Yes/No 
 
Individual 
item 
1-2 Adapted from 
(457) 
Ƙ=0.732 
Smoking status Which of the following best 
describes your current smoking 
status? 
Original response options: Never smoked, Used to smoke, Smoke 
occasionally, Smoke regularly 
 
Collapsed responses: Never OR 
Ex, Occasionally, Regularly smoke 
Individual 
item 
1-2 (456) 
Physical activity International Physical Activity 
Questionnaire (IPAC) - Short form 
Total minutes/week of vigorous intensity PA, 
Total minutes/week of moderate intensity PA 
 
Collapsed responses: Meet PA guidelines OR Do not meet PA 
guidelines 
Individual 
item 
1-2 α= 0.51–0.64 
r =0.581 
(458) 
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Time as a 
barrier 
4 items  
A) I am too busy to eat healthy foods 
B) I am too rushed in the morning to 
eat a healthy breakfast 
C) Eating healthy meals just takes too 
much time 
D) I don’t have time to think about 
health eating  
Original response options: Strongly disagree, Disagree, Agree, 
Strongly agree 
(Scored 1-4) 
 
Sum to form total score. 
Scale 4-16 Project EAT-III 
α = 0.793 
r = 0.621 
(460) 
 
Self-efficacy 17 item scale was used to assess 
personal self-efficacy related to 
health-related diet behaviours  
Original response options: Not at all confident, Slightly confident, 
Moderately confident, Very confident, Extremely confident 
(Scored 1-5) 
 
Sum to form total score.  
Scale 17-85 Adapted from 
Sallis. (461) 
Food insecurity 5 items (Last 12 months) 
A) The food that I/we bought just 
didn’t last and I/we didn’t have 
enough money to get more 
B) I/we couldn’t afford to eat 
balanced meals 
C) Did you or other adults in your 
household ever cut the size of your 
meals or skip meals because there 
was not enough money for food? 
D) Did you ever eat less than you felt 
you should because there was not 
enough money to buy food? 
E) Were you ever hungry but didn’t 
eat because you couldn’t afford 
enough food? 
Original response options: Often true, Sometimes true, Never, 
Don’t know/don’t want to answer 
OR 
Yes-almost every month, Yes-some months but not every month, 
Yes-only 1 or 2 months, No 
 
Often true, sometimes true, Yes, almost every month, yes are all 
marked as affirmatives =1 
 
Sum to form total score.  
 
Scale 0-5 Guide to 
measuring 
household food 
security 
Sensitivity 92% 
Specificity 
99.4% 
(462) 
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Nutritional 
knowledge  
51 item scale General Nutrition 
Knowledge Questionnaire to assess 
the relationship between knowledge 
and dietary behaviour 
Correct items get a score of 1.  
Sum to form total score.  
Scale 0-51 α= 0.53-0.923 
r= 0.871 
(463) 
Perception of 
mood affecting 
meal skipping 
How likely are the following factors 
going to result in SKIPPING a main 
meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ=0.412 
 
Perception of 
hunger affecting 
meal skipping 
How likely are the following factors 
going to result in SKIPPING a main 
meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ=0.442 
 
Perception of 
weight control 
affecting meal 
skipping 
How likely are the following factors 
going to result in SKIPPING a main 
meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ=0.392 
 
Perception of 
habit affecting 
meal skipping 
How likely are the following factors 
going to result in SKIPPING a main 
meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ=0.422 
Perception of 
taste affecting 
meal skipping 
How likely are the following factors 
going to result in SKIPPING a main 
meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ=0.392 
Social-environmental influences  
Relationship 
status 
Which of the following best 
describes your relationship status? 
Original responses: Married, De facto relationship, Committed 
dating relationship or engaged, Single, Separated, Widowed 
 
Collapsed responses: In a relationship OR Not in a relationship 
Individual 
item 
1-3 (464)  
Preference of 
other people at 
eating occasion 
How likely are the following factors 
going to result in SKIPPING a main 
meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ=0.322 
Physical-environment influences 
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Area level 
Social-economic 
position 
What is your current address? SEIFA 
1-4= Low 
5-7 = Medium 
8-10 = High 
 
Collapsed responses: Low OR Medium OR High 
Individual 
item 
1-3 (377) 
Housing type Which of the following best 
describes your current housing or 
living situation? 
Original responses: Living with parents/family, Living by myself, 
Living with partner/spouse, Living with flatmates/friends, Living 
with children, Other 
 
Collapsed responses: Living with family OR Living alone OR Living 
with flatmates/friends 
Individual 
item 
1-3 (464) 
Covariates 
Sex What gender do you identify as? Male, Female  Individual 
item 
1-2 (464) 
Age What is your date of birth? dd/mm/yyyy Individual 
item 
Contin
uous 
(464) 
Self-reported 
weight 
How much do you currently weight, 
without clothes of shoes? 
Kg Individual 
item 
Contin
uous 
(8) 
Self-reported 
height 
How tall are you without shoes? cm Individual 
item 
Contin
uous 
(8) 
PA = Physical activity, PA guidelines = (>150 mins of moderate or >75 mins of vigorous activity per week) (459), SEIFA = Socioeconomic Index for Areas 
All items were measured in the online survey 
1r = test-retest Pearson correlation 
2Ƙ =weighted kappa 
3α= alpha 
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5.3.4 Data analysis 
STATA version 14 (Stata Corporation) was used for the statistical analyses. 
Means (SD) and frequencies were used to summarise the potential correlates of 
meal skipping and their distributions across the varying meal skipping behaviours. 
Independent t-tests (or for non-parametric data, Wilcoxon Rank Sum test) and 
Pearson’s chi-square test (or Fisher exact test, cell count <5) were used to 
examine differences in sociodemographic and health behaviours between non-
meal skippers and all meal skipping categories (meal skipper (any meal), breakfast 
skipper, lunch skipper and dinner skipper), for continuous and categorical 
variables, respectively.  
 Logistic regression models were used to examine associations between 
potential correlates and meal skipping (any meal), breakfast skipping, lunch 
skipping and dinner skipping. Bivariate logistic regression (Model 1) was used to 
examine associations between each potential correlate and each meal skipping 
behaviour (e.g. meal skipping (any meal)). Only variables that were statistically 
significant in model 1 (P<0.05) were included in model 2 (multivariate logistic 
regressions). All variables included in model 2 were tested for multicollinearity 
using tolerance and variance inflation factors (VIFS); no multicollinearity was 
identified. All models were adjusted for age, sex and BMI. Results were 
considered statistically significant at a P-value of <0.05, with P-values <0.01 
indicated.  
 
5.4 Results 
Seven-hundred and twenty-seven participants were recruited for this 
study. A total of 700 participants (611 female, 89 male) aged 18-30 years (mean 
age: 24.1±3.6 years) from Victoria, Australia completed the online questionnaire 
(Table 5.2). The majority of participants held university degrees (59%), were born 
in Australia (73%), were in a relationship (53%), lived in a suburb ranked with a 
high SEIFA score (61%), lived outside of the family home (53%), were non-smokers 
(82%), and meet the physical activity guidelines (65%).  
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Table 5.2 Socio-demographic and health behaviour characteristics of the young 
adult participants (n=700) 
Characteristic n (%)1 
Socio-demographic  
Age (years), Mean ± SD 24.1 ± 3.6 
Sex  
       Male     89 (13) 
       Female 611 (87) 
Education  
       No university degree 287 (41) 
       University degree 413 (59) 
Country of birth  
       Australia 510 (73) 
       Other 190 (27) 
Relationship status  
     In a relationship  373 (53) 
     Single 327 (47) 
SEIFA  
       Low 88 (13) 
       Medium 187 (26) 
       High 426 (61) 
Living situation  
     Living with family 251 (36) 
     Living alone 80 (11) 
     Living with flatmates or friends 369 (52) 
Health behaviour  
Body mass index (kg/m2), Mean  ± SD 22.8 ± 4.2 
Smoker  
       Never  582 (83) 
       Ex, Occasionally, Regularly smoke 118 (17) 
Physical activity  
     Do not meet guidelines 247 (35) 
     Meeting guidelines 453 (65) 
1Values are n (%) unless otherwise specified 
SEIFA= Socioeconomic Index for Areas (measure of social economic status) 
SD=Standard deviation 
 
5.4.1 Analytical sample 
Figure 5.1 documents the participant flow diagram of participants in the 
study. Participants’ were excluded if they did not complete the online 
questionnaire (n=27), if they had not completed any follow day questionnaires 
(n=115) and if they had less than three days of following day data (n=91). Three 
days of dietary data has previously been reported to be sufficient for reporting 
mean EI (5, 465). Demographics for the final sample (n=494) can be found in Table 
5.4. 
Four-hundred and ninety-four participants had three or four days of 
following day data and were assessed for meal skipping (any meal), breakfast, 
lunch and dinner skipping. Of this sample, there were 40 meal skippers (any 
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meal), 67 breakfast skippers, 54 lunch skippers, and 43 dinner skippers (Figure 
5.1). A total of 367 participants did not skip any meals. Many participants met the 
requirements for multiple categories of meal skipping (Table 5.3). Twenty-eight 
participants were classified as both meal skipper (any meal) and breakfast skipper, 
24 were classified as meal skipper (any meal) and lunch skipper while 17 were 
classified as both meal skipper (any meal) and dinner skipper. Regarding individual 
meal skipping types, 17 participants were classified as both breakfast skipper and 
lunch skipper, 13 were classified as breakfast skipper and dinner skipper, while 12 
were classified as lunch skipper and dinner skipper.  
 
Figure 5.1 Flow diagram of the analytical sample – Meal skipping (n=727) 
*Categories not mutually exclusive e.g. a participant can be classified into more 
than one meal skipping category 
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Table 5.3 Cross classification of participants according to meal skipping group1 
Meal skipping classification Meal skipper (any meal) Breakfast skipper Lunch skipper Dinner skipper 
Meal skipper (any meal) 40 28 24 17 
Breakfast skipper - 67 17 13 
Lunch skipper - - 54 12 
Dinner skipper - - - 43 
1 Data is a combination of meal skipping categories 
 
5.4.2 Differences in correlates of meal skipping according to type of meal 
skipping behaviour 
 Table 5.4 presents potential correlates for meal skipping for the total 
sample, those classified as non-meal skippers and each of the meal skipping 
categories (meal skipper (any meal), breakfast skipper, lunch skipper and dinner 
skipper). Each category of meal skipping behaviour (e.g. breakfast skipper) was 
compared with non-meal skippers to assess the difference between the two 
behaviours.  
 Participants who were categorised as meal skippers (any meal) were 
significantly different to non-meal skippers for nine of the 21 variables examined 
(Table 5.4). Meal skippers (any meal) were less likely to have a university degree, 
and had a lower nutrition knowledge score compared to non-meal skippers. Meal 
skippers (any meal) were more likely to be in a relationship, compared to non-
meal skippers. Cognitive influences or self-perceptions differed between groups 
with meal skippers (any meal) having a lower self-efficacy score compared to non-
meal skippers. Meal skippers (any meal) were more likely to rate time as a barrier 
compared to non-meal skippers. Items such as mood, hunger, weight control, and 
habit were rated by meal skippers (any meal) as likely to result in meal skipping 
compared to those who did not skip meals. Eight of these variables were from the 
individual domain of the social-ecological framework with relationship status the 
only item that was different between groups from the social-environmental 
domain of the framework. There were no differences reported between ethnicity, 
culture, smoking status, physical activity levels, food insecurity, the influence of 
taste, the preference of others at the eating occasion, housing type, SEIFA level, 
age, sex or BMI between meal skippers (any meal) and non-meal skippers.  
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 Participants who were categorised as breakfast skippers were significantly 
different to those who were non-meal skippers for nine of the 21 variables items 
(Table 5.4). Participants who were born outside of Australia were more likely to be 
classified as a breakfast skipper compared to those who were born in Australian. 
Breakfast skippers, were less likely to have a university degree, and had lower 
nutrition knowledge compared to non-meal skippers. Breakfast skippers had 
lower self-efficacy scores and rated time as more of a barrier than non-meal 
skippers. Breakfast skippers rated mood, hunger, habit and taste as being more 
likely to result in meal skipping than those who did not skip meals. All variables 
that were different between breakfast skippers and non-meal skippers where 
from the individual domain of the social-ecological framework. There were no 
differences reported between culture, smoking status, physical activity levels, 
food insecurity, the influence of weight control, relationship status, preference of 
others at the eating occasion, housing type, SEIFA level, age, sex or BMI between 
breakfast skippers and non-meal skippers.  
 Lunch skippers were different to those who were non-meal skippers in six 
of the 21 variables (Table 5.4). Lunch skippers were less likely to have a university 
degree, and had lower nutrition knowledge compared to non-meal skippers. 
Those that skipped lunch had a higher food insecurity score compared to non-
meal skippers. Lunch skippers had lower self-efficacy scores and rated time as 
more of a barrier than non-meal skippers. Hunger was identified by lunch skippers 
to result in meal skipping compared to those who did not skip meals. All 
differences between lunch skippers and non-meal skippers were variables from 
the individual domain of the social-ecological framework. There were no 
differences reported between ethnicity, culture, smoking status, physical activity 
levels, the influence of mood, weight control, habit or taste, relationship status, 
the preference of others at the eating occasion, housing type, SEIFA level, age, sex 
or BMI between lunch skippers and non-meal skippers.  
 Participants who were categorised as dinner skippers were different to 
those who were non-meal skippers in seven of the 21 variables (Table 5.4). Dinner 
skippers were less likely to have a university degree, and had a higher food 
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insecurity score compared to non-meal skippers. Dinner skippers had lower self-
efficacy scores and rated time as more of a barrier than non-meal skippers. 
Participants who skipped dinner meals rated mood, weight control and habit as 
being more likely to result in meal skipping then non-meal skippers. All significant 
differences between dinner skippers and non-meal skippers were variables from 
the individual domain of the social-ecological framework. There were no 
differences reported between ethnicity, culture, smoking status, physical activity 
levels, nutritional knowledge, the influence of hunger or taste, relationship status, 
the preference of others at the eating occasion, housing type, SEIFA level, age, sex 
or BMI between dinner skippers and non-meal skippers.  
Chapter 5: Correlates of Meal Skipping 
 
132 
 
Table 5.4. Potential correlates of meal skipping of the total sample, non-meal skippers and meal skippers (any meal, breakfast, lunch or dinner) grouped 
according to the social-ecological framework 
Characteristic Total sample  
(n=494) 
Non-meal skipper 
(n=367) 
Meal skipper 
Any meal (n=40) Breakfast (n=67) Lunch (n=54) Dinner (n=43) 
INDIVIDUAL INFLUENCES       
Education, n (%)       
       No university degree 190 (38) 127 (35) 24 (60)b 36 (54)b 29 (54)b 22 (51)a 
       University degree 304 (62) 240 (65) 16 (40)b 31 (46)b 25 (46)b 21 (49)a 
Ethnicity, n (%)       
       Australia 367 (74) 284 (77) 29 (73)) 43 (64)a 39 (72) 29 (67) 
       Other 127 (26) 83 (23) 11 (27) 24 (36)a 15 (28) 14 (33) 
Culture/religion n (%)       
       No 391 (79) 292 (80) 35 (88) 55 (82) 43 (80) 34 (79) 
       Yes 103 (21) 75 (20) 5 (12) 12 (18) 11 (20) 9 (21) 
Smoker, n (%)       
       Never  412 (83) 310 (84) 30 (75) 52 (78) 44 (81) 35 (81) 
       Ex, Occasionally, Regularly smoke 82 (17) 57 (16) 10 (25) 15 (22) 10 (19) 8 (19) 
Physical activity, n (%)       
       Not meeting guidelines 181 (37) 130 (35) 16 (40) 26 (39) 26 (48) 19 (44) 
       Meeting guidelines 313 (63) 237 (65) 24 (60) 41 (61) 28 (52) 24 (56) 
Time as a barrier*, Range 4-16 6.86 (2.5) 6.49 (2.3) 8.10 (2.6)b 8.04 (2.3)b 8.03 (2.9)b 8.02 (3.1)b 
Self-efficacy*, Range 17-85 54.91 (13.2) 56.00 (13.2) 47.93 (13.4)b 49.84 (11.9)b 52.06 (11.1)a 50.23 (14.5)b 
Food insecurity*, Range 0-6 0.81 (1.3) 0.74 (1.2) 1.08 (1.6) 1.04 (1.5) 1.11 (1.6)a 1.17 (1.5)a 
Nutrition Knowledge*, Range 0-51 33.48 (5.4) 33.87 (5.2) 31.87 (4.4)a 31.57 (5.7)b 32.35 (5.1)a 32.80 (6.1) 
Moodº# 2.09 (1.4) 1.98 (1.3) 2.70 (1.6)b 2.58 (1.6)b 2.28 (1.5) 2.81 (1.6)b 
Hungerº# 2.81 (1.5) 2.69 (1.5) 3.38 (1.3)b 3.32 (1.4)b 2.08 (1.4)b 3.14 (1.5) 
Weight controlº# 2.08 (1.4) 2.00 (1.3) 2.72 (1.5)b 2.27 (1.4) 2.28 (1.5) 2.80 (1.5)b 
Habitº# 2.57 (1.6) 2.44 (1.5) 3.31 (1.6)b 3.29 (1.5)b 2.77 (1.6) 3.23 (1.5)b 
Tasteº# 2.58 (1.5) 2.48 (1.5) 2.77 (1.5) 2.98 (1.6)a 2.53 (1.4) 2.69 (1.5) 
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SOCIAL-ENVIRONMENTAL INFLUENCES       
Relationship status, n (%)       
       In a relationship  261 (53) 195 (53) 28 (70)a 35 (52) 29 (54) 21 (49) 
       Single 233 (47) 172 (47) 12 (30)a 32 (48) 25 (46) 22 (51) 
Preference of other people at eating occasion# 1.69 (1.1) 1.68 (1.1) 1.7 (1.1) 1.68 (1.2) 1.49 (1.0) 1.95 (1.4) 
PHYSICAL-ENVIRONMENTAL INFLUENCES       
Living situation, n (%)        
       Living with family 182 (37) 134 (37) 12 (30) 29 (43) 17 (31) 18 (42) 
       Living alone 58 (12) 40 (11) 5 (12) 10 (15) 8 (15) 4 (9) 
       Living with friends/flatmates 254 (51) 193 (52) 23 (58) 28 (42) 29 (54) 21 (49) 
SEIFA, n (%)       
       Low 58 (12) 43 (12) 6 (15) 8 (12) 8 (15) 5 (12) 
       Medium 132 (27) 96 (26) 11 (27) 24 (36) 14 (25) 14 (33) 
       High 304 (61) 228 (62) 23 (58) 35 (52) 32 (60) 24 (55) 
COVARIATES       
Sex, n (%)       
       Male 55 (11) 41 (11) 6 (15) 10 (15) 6 (11) 5 (12) 
       Female 439 (89) 326 (89) 34 (85) 57 (85) 48 (89) 38 (88) 
Age (years)* 24.18 (3.5) 24.33 (3.4) 23.86 (3.9) 23.56 (3.7) 24.07 (3.9) 23.58 (3.7) 
Body mass index (kg/m2)* 22.73 (4.13) 22.48 (3.8) 23.32 (6.1) 23.97 (5.0) 24.43 (5.9) 23.43 (5.0) 
*values represent Mean ± SD 
# range of 1-5 
º Perception of how this item would affect meal skipping 
a significantly different to non-meal skippers <0.05 
b significantly different to non-meal skippers <0.01 
Differences between non-meal skippers and each group were assessed by independent t-tests (continuous data (data reported as Mean ± SD) or Pearson’s chi-square test 
(categorical data (data reported as n (%)). P-Values <0.01 are bolded. 
Abbreviations: BMI, Body Mass Index; SEIFA, Socioeconomic Index for Areas 
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5.4.3 Correlates of meal skipping 
Table 5.5 presents the results of logistic regression analysis examining 
associations between potential correlates and meal skipping (any meal). Model 1 
(adjusting for age, sex and BMI) showed that eight variables (seven from the 
individual and one from the social-environmental domain) were significantly 
associated with meal skipping (any meal). In the final multivariable model (model 
2), four variables (education status, weight control, self-efficacy and relationship 
status) remained significantly associated with meal skipping (any meal). The odds 
of participants who had a university degree to be a meal skipper (any meal) were 
66% lower (OR=0.34; 95%CI: 0.14, 0.82; p=0.016) compared to those without a 
university degree. The odds of those who rated weight control as being likely to 
result in meal skipping were 33% higher (OR=1.33; 95% CI: 1.00, 1.77; p=0.047) 
compared to those who did not rate weight control as being likely to result in 
meal skipping. Participants with higher self-efficacy had lower odds (4%) of being 
a meal skipper (OR=0.96; 95% CI 0.92, 0.99; p=0.015) and those who were single 
had 74% lower odds of being a meal skipper (OR=0.26; 95%CI: 0.11, 0.59; 
p=0.001).  
Table 5.6 presents the results of the logistic regression analysis examining 
associations between potential correlates and breakfast skipping. Model 1 
(adjusting for age, sex and BMI) showed that eight variables (eight from the 
individual domain) were significantly associated with breakfast skipping. In the 
final multivariable model (model 2), only one variable (habit) remained 
significantly associated with breakfast skipping. Participants who rated habit as 
being likely to result in meal skipping had higher odds (28%) of being a breakfast 
skipper (OR=1.28; 95% CI: 1.02, 1.61; p=0.034). 
Table 5.7 presents the results of the logistic regression analysis examining 
associations between potential correlates and lunch skipping. Model 1 (adjusting 
for age, sex and BMI) showed that two variables (two from the individual domain) 
were significantly associated with lunch skipping. In the final multivariable model 
(model 2), both variables (education status and time) remained significantly 
associated with lunch skipping. Participants who had a university degree had 
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lower odds (55%) of being a lunch skipper (OR=0.45; 95% CI: 0.21, 0.93; p=0.032), 
while those who rated time as more of a barrier had higher odds (17%) of being a 
lunch skipper (OR=1.17; 95% CI: 1.05, 1.31; p=0.004). 
Table 5.8 presents the results of the logistic regression analysis examining 
associations between potential correlates and dinner skipping. Model 1 (adjusted 
for age, sex and BMI) showed five variables (five from the individual domain) were 
significantly associated with dinner skipping. In the final multivariable model 
(model 2), only one variable (weight control) remained significantly associated 
with dinner skipping. Participants who rated weight control as being likely to 
result in meal skipping had higher odds (33%) of being a dinner skippers (OR=1.33; 
95% CI: 1.02, 1.73; p=0.035).  
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Table 5.5 Multi-variable adjusted odds ratio and 95% CI of meal skipping (any meal) 
according to participant characteristics from the individual, social-environmental and 
physical-environmental domains (n=40) 
Variable Model 1 Model 2 
 OR (95% CI) P^ OR (95% CI) P^ 
INDIVIDUAL DOMAIN     
Education  
     No University degree 
     University degree 
 
Reference 
0.33 (0.14, 0.78) 
 
 
0.011 
 
 
0.34 (0.14, 0.82) 
 
 
0.016 
Ethnicity 
     Australia  
     Other 
 
Reference 
1.28 (0.60, 2.72) 
 
 
0.52 
 
 
- 
 
 
- 
Food culture/religion 
     Yes 
     No 
 
Reference 
0.36 (0.12,1.12) 
 
 
0.08 
 
 
- 
 
 
- 
Smoking status 
     Never  
     Ex, Occasionally, Regularly smoke 
 
Reference 
1.98 (0.88, 4.45) 
 
 
0.10 
 
 
- 
 
 
- 
Physical activity 
     Not meeting guidelines 
     Meeting guidelines 
 
Reference 
0.90 (0.45, 1.79) 
 
 
0.76 
 
 
- 
 
 
- 
Time as a barrier 1.16 (1.03, 1.33) 0.016 1.02 (0.86, 1.21) 0.83 
Self-efficacy to prepare foods 0.96 (0.93, 0.99) 0.006 0.96 (0.92, 0.99) 0.015 
Food insecurity 1.06 (0.83, 1.35) 0.65 - - 
Nutritional knowledge 0.96 (0.90, 1.02) 0.21 - - 
Moodº 1.33 (1.06, 1.66) 0.013 1.02 (0.76, 1.37) 0.90 
Hungerº 1.32 (1.05, 1.66) 0.019 1.08 (0.80, 1.47) 0.60 
Weight controlº 1.38 (1.10, 1.72) 0.005 1.33 (1.00, 1.77) 0.047 
Habitº 1.35 (1.08, 1.68) 0.008 1.06 (0.78, 1.44) 0.69 
Tasteº 1.10 (0.88, 1.38) 0.40 - - 
SOCIAL-ENVIRONMENTAL DOMAIN     
Relationship status 
     In a relationship 
     Single 
 
Reference 
0.33 (0.15, 0.72) 
 
 
0.005 
 
 
0.26 (0.11, 0.59) 
 
 
0.001 
Preference of other people at eating 
occasion 
1.02 (0.76, 1.37) 0.88 - - 
PHYSICAL-ENVIRONMENTAL DOMAIN     
SEIFA 
     Low 
     Medium 
     High 
 
Reference 
0.66 (0.23, 1.92) 
0.61 (0.23, 1.61) 
 
 
0.45 
0.32 
 
 
- 
- 
 
 
- 
- 
Housing type 
     Living with family 
     Living alone 
     Living with flatmates 
 
Reference 
1.67 (0.53, 5.27) 
2.11 (0.93, 4.80) 
 
 
0.38 
0.07 
 
 
- 
- 
 
 
- 
- 
COVARIATES     
Age 0.95 (0.86, 1.04) 0.27 - - 
BMI 1.12 (1.05, 1.19) <0.001 1.09 (1.01, 1.16) 0.019 
Sex 
     Male 
     Female 
 
Reference 
0.77 (0.28, 2.09) 
 
 
0.61 
 
 
- 
 
 
- 
Model 1 is adjusted for covariates (sex, age and BMI)  
Model 2 is the fully adjusted multivariable model, which includes all variables found to be substantially 
associated with meal skipping (any meal) in Model 1 and age sex and BMI.  
^P-values were calculated using ordinal regression; P-Values <0.05 are bolded; º Perception of how this item 
would affect meal skipping 
Abbreviations: CI, confidence intervals; OR, odds ratio; BMI, Body Mass Index; SEIFA, Socioeconomic Index for 
Areas 
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Table 5.6 Multi-variable adjusted odds ratio and 95% CI of breakfast skipping according to 
participant characteristics from the individual, social-environmental and physical-
environmental domains (n=67) 
Variable Model 1* Model 2* 
 OR (95% CI) P^ OR (95% CI) P^ 
INDIVIDUAL DOMAIN     
Education  
     No university degree 
     University degree 
 
Reference 
0.522 (0.27, 1.01) 
 
 
0.06 
 
 
- 
 
 
- 
Ethnicity 
     Australia  
     Other 
 
Reference 
1.95 (1.10, 3.43) 
 
 
0.021 
 
 
1.57 (0.85, 2.92) 
 
 
0.15 
Food culture/religion 
     Yes  
     No 
 
Reference 
0.75 (0.37, 1.51) 
 
 
0.41 
 
 
- 
 
 
- 
Smoking status 
     Never  
     Ex, Occasionally, Regularly smoke 
 
Reference 
1.78 (0.92, 3.45) 
 
 
0.09 
 
 
- 
 
 
- 
Physical activity 
     Not meeting guidelines  
     Meeting guidelines 
 
Reference 
0.89 (0.52, 1.53) 
 
 
0.68 
 
 
- 
 
 
- 
Time as barrier 1.19 (1.08, 1.32) 0.001 1.06 (0.93, 1.21) 0.36 
Self-efficacy to prepare foods 0.97 (0.95, 0.99) 0.004 0.99 (0.96, 1.01) 0.31 
Food insecurity 1.10 (0.91, 1.33) 0.35 - - 
Nutritional knowledge 0.94 (0.98, 0.99) 0.014 0.96 (0.91, 1.01) 0.14 
Moodº 1.30 (1.09, 1.56) 0.004 0.98 (0.77, 1.24) 0.87 
Hungerº 1.29 (1.08, 1.55) 0.005 1.09 (0.86, 1.38) 0.49 
Weight controlº 1.10 (0.91, 1.32) 0.32 - - 
Habitº 1.40 (1.17, 1.66) <0.001 1.28 (1.02, 1.61) 0.034 
Tasteº 1.23 (1.03, 1.47) 0.020 0.99 (0.79, 1.23) 0.93 
SOCIAL-ENVIRONMENTAL DOMAIN     
Relationship status 
     In a relationship  
     Single 
 
Reference 
0.85 (0.49, 1.47) 
 
 
0.56 
 
 
- 
 
 
- 
Preference of other people at eating 
occasion 
0.98 (0.77, 1.24) 0.85 - - 
PHYSICAL-ENVIRONMENTAL DOMAIN     
SEIFA 
     Low  
     Medium 
     High 
 
Reference 
1.28 (0.53, 3.09) 
0.74 (0.32, 1.72) 
 
 
0.58 
0.49 
 
 
- 
- 
 
 
- 
- 
Housing type 
     Living with family  
     Living alone 
     Living with flatmates 
 
Reference 
1.24 (0.54, 2.80) 
0.82 (0.44, 1.51) 
 
 
0.61 
0.52 
 
 
- 
- 
 
 
- 
- 
COVARIATES     
Age 0.93 (0.86, 1.00) 0.05 - - 
BMI 1.08 (1.02, 1.14) 0.006 1.07 (1.01, 1.13) 0.023 
Sex 
     Male  
     Female 
 
Reference 
0.74 (0.34, 1.61) 
 
 
0.45 
 
 
- 
 
 
- 
Model 1 is adjusted for covariates (sex, age and BMI)  
Model 2 is the fully adjusted multivariable model, which includes all variables found to be substantially 
associated with meal skipping (any meal) in Model 1 and age sex and BMI.  
^P-values were calculated using ordinal regression; P-Values <0.05 are bolded; º Perception of how this item 
would affect meal skipping  
Abbreviations: CI, confidence intervals; OR, odds ratio; BMI, Body Mass Index; SEIFA, Socioeconomic Index 
for Areas 
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Table 5.7 Multi-variable adjusted odds ratio and 95% CI of lunch skipping according to 
participant characteristics from the individual, social-environmental and physical-
environmental domains (n=54) 
Variable Model 1* Model 2* 
  OR (95% CI) P^ OR (95% CI) P^ 
INDIVIDUAL DOMAIN     
Education  
     No university degree  
     University degree 
 
Reference 
0.42 (0.20, 0.67) 
 
 
0.019 
 
 
0.45 (0.21, 0.93) 
 
 
0.032 
Ethnicity 
     Australia  
     Other 
 
Reference 
1.28 (0.67, 2.45) 
 
 
0.46 
 
 
- 
 
 
- 
Food culture/religion 
     Yes  
     No 
 
Reference 
0.85 (0.40, 1.78) 
 
 
0.66 
 
 
- 
 
 
- 
Smoking status 
     Never  
     Ex, Occasionally, Regularly smoke 
 
Reference 
1.20 (0.56, 2.58) 
 
 
0.63 
 
 
- 
 
 
- 
Physical activity 
     Not meeting guidelines  
     Meeting guidelines 
 
Reference 
0.59 (0.33, 1.06) 
 
 
0.08 
 
 
- 
 
 
- 
Time as barrier 1.18 (1.06, 1.32) 0.003 1.17 (1.05, 1.31) 0.004 
Self-efficacy to prepare foods 0.99 (0.96, 1.01) 0.27 - - 
Food insecurity 1.14 (0.93, 1.41) 0.20 - - 
Nutritional knowledge 0.96 (0.91, 1.02) 0.19 - - 
Moodº 1.09 (0.89, 1.33) 0.43 - - 
Hungerº 1.17 (0.96, 1.41) 0.12 - - 
Weight controlº 1.11 (0.90, 1.36) 0.33 - - 
Habitº 1.07 (0.89, 1.29) 0.48 - - 
Tasteº 0.98 (0.80, 1.19) 0.81 - - 
SOCIAL-ENVIRONMENTAL DOMAIN     
Relationship status 
     In a relationship  
     Single 
 
Reference 
0.89 (0.49, 1.63) 
 
 
0.71 
 
 
- 
 
 
- 
Preference of other people at eating 
occasion 
0.80 (0.59, 1.08) 0.15 - - 
PHYSICAL-ENVIRONMENTAL DOMAIN     
SEIFA 
     Low  
     Medium 
     High 
 
Reference 
0.66 (0.26, 1.70) 
0.66 (0.29, 1.54) 
 
 
0.39 
0.34 
 
 
- 
- 
 
 
- 
- 
Housing type 
     Living with family  
     Living alone 
     Living with flatmates 
 
Reference 
1.85 (0.72, 4.71) 
1.58 (0.79, 3.20) 
 
 
0.20 
0.20 
 
 
- 
- 
 
 
- 
- 
COVARIATES     
Age 0.97 (0.90, 1.06) 0.55 - - 
BMI 1.09 (1.03, 1.15) 0.003 1.06 (1.00, 1.13) 0.043 
Sex 
     Male  
     Female 
 
Reference 
1.18 (0.44, 3.12) 
 
 
0.74 
 
 
- 
 
 
- 
Model 1 is adjusted for covariates (sex, age and BMI)  
Model 2 is the fully adjusted multivariable model, which includes all variables found to be substantially 
associated with meal skipping (any meal) in Model 1 and age sex and BMI.  
^P-values were calculated using ordinal regression; P-Values <0.05 are bolded; º Perception of how this item 
would affect meal skipping 
Abbreviations: CI, confidence intervals; OR, odds ratio; BMI, Body Mass Index; SEIFA, Socioeconomic Index 
for Areas 
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Table 5.8 Multi-variable adjusted odds ratio and 95% CI of dinner skipping according to 
participant characteristics from the individual, social-environmental and physical-
environmental domains (n=43) 
Variable Model 1* Model 2* 
  OR (95% CI) P^ OR (95% CI) P^ 
INDIVIDUAL DOMAIN     
Education  
     No university degree  
     University degree 
 
Reference 
0.64 (0.29, 1.42) 
 
 
0.27 
 
 
- 
 
 
- 
Ethnicity 
     Australia  
     Other 
 
Reference 
1.52 (0.76, 3.01) 
 
 
0.23 
 
 
- 
 
 
- 
Food culture/religion 
     Yes 
     No 
 
Reference 
1.05 (0.48, 2.29) 
 
 
0.90 
 
 
- 
 
 
- 
Smoking status 
     Never  
     Ex, Occasionally, Regularly smoke 
 
Reference 
1.28 (0.56, 2.94) 
 
 
0.56 
 
 
- 
 
 
- 
Physical activity 
     Not meeting guidelines  
     Meeting guidelines 
 
Reference 
0.71 (0.38, 1.35) 
 
 
0.30 
 
 
- 
 
 
- 
Time as barrier 1.19 (1.06, 1.34) 0.004 1.09 (0.94, 1.27) 0.24 
Self-efficacy to prepare foods 0.97 (0.95, 0.10) 0.030 0.98 (0.95, 1.01) 0.30 
Food insecurity 1.19 (0.96, 1.48) 0.11 - - 
Nutritional knowledge 0.98 (0.92, 1.05) 0.58 - - 
Moodº 1.44 (1.17, 1.78) 0.001 1.19 (0.91, 1.54) 0.20 
Hungerº 1.16 (0.94, 1.44) 0.16 - - 
Weight controlº 1.43 (1.16, 1.76) 0.001 1.33 (1.02, 1.73) 0.035 
Habitº 1.34 (1.09, 1.65) 0.005 1.01 (0.77, 1.33) 0.92 
Tasteº 1.05 (0.85, 1.30) 0.62 - - 
SOCIAL-ENVIRONMENTAL DOMAIN     
Relationship status 
     In a relationship  
     Single 
 
Reference 
1.07 (0.55, 2.07) 
 
 
0.84 
 
 
- 
 
 
- 
Preference of other people at eating 
occasion 
1.22 (0.95, 1.57) 0.11 - - 
PHYSICAL-ENVIRONMENTAL DOMAIN     
SEIFA 
     Low  
     Medium 
     High 
 
Reference 
1.20 (0.41, 3.51) 
0.88 (0.32, 2.41) 
 
 
0.74 
0.80 
 
 
- 
- 
 
 
- 
- 
Housing type 
     Living with family  
     Living alone 
     Living with flatmates 
 
Reference 
0.73 (0.23, 2.30) 
0.97 (0.47, 2.00) 
 
 
0.59 
0.94 
 
 
- 
- 
 
 
- 
- 
COVARIATES      
Age 0.80 (0.63, 1.02) 0.08 - - 
BMI 1.18 (1.07, 1.31) 0.001 1.02 (0.95, 1.09) 0.63 
Sex 
     Male  
     Female 
 
Reference 
0.13 (0.03, 0.63) 
 
 
0.012 
 
 
0.90 (0.33, 2.47) 
 
 
0.84 
Model 1 is adjusted for covariates (sex, age and BMI)  
Model 2 is the fully adjusted multivariable model, which includes all variables found to be substantially 
associated with meal skipping (any meal) in Model 1 and age sex and BMI.  
^P-values were calculated using ordinal regression; P-Values <0.05 are bolded; º Perception of how this item 
would affect meal skipping 
Abbreviations: CI, confidence intervals; OR, odds ratio; BMI, Body Mass Index; SEIFA, Socioeconomic Index 
for Areas 
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5.5 Discussion 
Main findings 
This study examined the correlates of meal skipping (any meal), breakfast 
skipping, lunch skipping and dinner skipping among young adults using a social-
ecological framework. Education status, specifically not having a university degree 
was associated with meal skipping (any meal) and lunch skipping. The importance 
of weight control was associated with meal skipping (any meal) and dinner 
skipping, while, time, self-efficacy, habit and relationship status were also 
identified as correlates of specific meal skipping behaviours. Overall, there were a 
greater number of correlates of meal skipping (any meal) (n=4) than any of the 
specific meal skipping behaviours. Consistent with previous research in this area, 
all significant correlates were from the individual domain of the social-ecological 
framework. The following sections will discuss the findings relating to each 
correlate associated with meal skipping behaviours.  
 
Education 
In the current study, participants without a university degree had higher 
odds of being a meal skipper (any meal) or a lunch skipper. The association 
between university degree completion and meal skipping behaviours has not 
previously been investigated in young adults. Previous research investigating 
education status and meal skipping in this population examined maternal 
education status as a correlate but found no association (168). Studies in college 
students have found an association between course types, with those studying 
science degrees more likely to skip breakfast compared to humanities students 
(166). Time spent in a university degree has also been assessed, with meal 
skipping (any meal) more common in second year students compared to first year 
university students (172). Previous research consistently demonstrates social 
gradients in lifestyle behaviours, with university education linked to healthier 
lifestyles (466-468). Individuals with a university education are documented to be 
less likely to smoke, less likely to consume excess alcohol, more likely to exercise 
sufficiently, and have more frequent health checks compared to those without a 
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tertiary education (469). Although meal skipping is not reported in previous 
literature, the results from this study are consistent with other research 
documenting associations between education and eating behaviours, where those 
with a university education are more likely to consume healthy diets, and practise 
healthy eating behaviours, such as increased fruit and vegetable consumption (26, 
466-468). 
The association between university education and meal skipping can be 
explained by a variety of possible reasons. Health literacy offers one example of 
how education is indirectly linked to meal skipping. Health literacy is the capacity 
to obtain and process basic health information and services needed to make 
appropriate health decisions. An increase in health literacy has been linked to 
regular meal consumption (470). Previous literature has also documented the 
association between health literacy and tertiary education completion (471-473). 
Therefore according to previous research, those with a university education are 
more likely to have higher health literacy (471-473) and are therefore potentially 
less likely to skip meals (470). 
Another possible explanation is that indirectly university educated 
individuals tend to have jobs with higher wages (474). Previous research 
conducted in the US has documented that meal skipping rates are nearly twice as 
high in those whose income was <$10,000 (US$) per year compared to those in 
higher income brackets (>$10,000 (US$) (475). Another theory is that university 
educated individuals are more future oriented (476), thus are willing to engage in 
healthy eating habits such as meal planning, therefore preventing meal skipping. 
 
Weight control  
Meal skipping particularly breakfast skipping, has been associated with 
multiple chronic disease risk factors, including greater central adiposity (26, 27, 
102, 477). Despite the link between meal skipping and increased adiposity, many 
populations frequently use meal skipping as an attempt to control their weight 
(478-481). Results from the current study reflect this common misconception, 
with weight control associated with meal skipping (any meal) and dinner skipping. 
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Previous studies have reported weight control as a correlate of meal skipping, 
with results ranging from weight control being the strongest perceived correlate 
of dinner consumption, to the third strongest perceived correlate of meal skipping 
(any meal) (100, 166, 168, 187).  
The relationship between meal skipping and greater adiposity have been 
explored with multiple possible explanations. These include increased hunger as a 
result of meal skipping, with increased hunger linked to overeating (482-484) and 
the consumption of larger portion sizes (485) at following eating occasions. Meal 
skipping has also been linked to the consumption of energy-dense snack foods 
throughout the day as compensation for missing a meal (484). This compensation 
effect was also documented within the qualitative interviews reported in Chapter 
Four of this thesis. Conversely, frequent consumption of meals may reduce the 
efficiency of utilisation of energy, thus promoting thermogenesis and energy 
expenditure (130).  
 
Time as a barrier 
The perceived influences of time as a barrier was positively associated 
with lunch skipping in the current study. This is consistent with previous research 
in young adults with time ranked as the strongest perceived correlate of meal 
skipping (100, 163, 168, 175, 186-190). The perception of time may have multiple 
interpretations within the individual (429). Previous research has reported the 
self-perception of time to be one of the most powerful influences on human 
behaviour (430), with time often reported as the biggest barrier to behaviours 
such as food preparation (431), fruit and vegetable consumption (432) and 
physical activity (432).  
As outlined previously, young adults are in a period of transition with 
multiple priorities and time pressures including further education, employment, 
and social commitments (486-488). These competing demands and time 
restrictions place increased demands on the individual, inducing a feeling of time 
scarcity. The lack of time or time scarcity refers to the perception of not having 
enough time to complete the tasks that an individual wants or needs to do in a 
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specific time frame (428). Whilst this study reports an association between the 
lack of time and lunch skipping, the prioritisation of eating lunch may be less 
powerful to these young adults than competing work or social demands. The 
notion of time prioritisation in a temporal structure that is likely to change as 
individuals’ priorities develop and shift (429). Longitudinal studies investigating 
the development of time prioritisation are needed to fully understanding how 
priorities change and develop as young adults mature. Literature suggests that 
meal skipping rates are lower in older adults, implying a potential shift in priorities 
surrounding regular consumption of meals (110).  
 
Self-efficacy 
Self-efficacy is facilitated by a personal sense of control, made up of 
motivation, performance accomplishment, and emotional well-being (489). It is 
centred around an individual’s belief that they can produce a desired effect by 
their actions despite little incentive to persevere in the face of difficulties (490). A 
higher self-efficacy has previously been reported to be associated with behaviour 
change such as cigarette smoking, weight control, contraception, alcohol abuse 
and exercise behaviours (491). 
The current study reported an inverse relationship between self-efficacy 
and meal skipping (any meal). Those that felt that they had less control or 
motivation to shop, purchase or prepare food were more likely to be a meal 
skipper (any meal). Self-efficacy has not been reported in relation to meal skipping 
in previous literature, yet is consistently associated with healthy eating behaviours 
such as meal planning, preparation of healthy meals with only minimal 
ingredients, preparation of meals in advance (492), family dinner frequency (493), 
and fruit and vegetable intakes (494). The results seen in the current study follow 
the trend seen in previous literature that those with increased self-belief that they 
can complete a task (e.g. prepare/cook healthy nutritious foods over the next 
year) will be more likely to succeed in this task.  
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Habit 
Breakfast skipping was more common in participants who rated habit as 
an influence of meal skipping. This is consistent with qualitative results seen in 
Chapter Four of this thesis with many young adults identifying breakfast skipping 
as a habit that they had held for a significant amount of time.  
Habits are behaviours that are formed through learning and practice (495). 
Once formed, cues associated with these behaviours such as environmental cues 
will trigger habits often unnoticed by the individual. Eating routines or habits tend 
to be deeply embedded into daily schedules and allow individuals to reduce 
cognitive energy (e.g. minimal thought) by using automatic processes to carry out 
eating decisions such as what to or where to eat (226). Due to the reduced time 
and stress involved in making these decisions, a habitual activity becomes the 
most accessible cognitive response in a given context (496).  
Previous research looking at the habits associated with individual eating 
occasions or meals has shown that the influence of habit is stronger within similar 
meals than between different meals (due to associations between habits and 
cues). For example, breakfast on different days is more likely to be similar then 
breakfast and dinner within the same day. In addition, the researchers also 
showed that habits are strongest in the morning due to limited cognitive 
resources at this time of the day (497). These results are comparable to results 
seen in the current study with habit associated with breakfast skipping and not 
the other main meals or meal skipping (any meal).   
 
Relationship status 
Being in a relationship was positively associated with meal skipping (any 
meal). These results are in contrast to previous research which suggests that 
those in a relationship or are cohabiting have healthier meals and food habits 
(498-500) and are more likely to meet dietary guidelines (501, 502). Many studies 
examining the association between relationship status and meal skipping have 
focused on population groups who potentially experience varying relationship 
contexts to young adults. For example, many studies assessing meal skipping have 
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focused on older adults who have experienced a death of a partner (500, 502) or 
middle-aged adults living in family settings (498, 499, 501). Limited research has 
focused on meal skipping and the influence of relationships in young adults aged 
18-30 years, which represents an influential transitional period of the lifespan. 
Previous research has documented that the influence that a spouse or 
partner has on eating patterns can be both healthy and unhealthy. Findings 
suggest that one partner’s health behaviour was associated with the other 
partner’s health behaviour over time. This was evident for both healthy and 
unhealthy behaviours for both men and women (503). Qualitative interviews 
reported in Chapter Four of this thesis mirror results seen in the literature with 
qualitative interviews suggesting when cohabitating began, partners entered a 
period of dietary convergence, the movement into eating similar if not completely 
identical diets (504). It is therefore realistic to expect participants within this study 
to have developed both healthy and unhealthy eating patterns (e.g. meal 
skipping) of their respective partners.  
 
Strengths and limitations 
The present study has a number of strengths and limitations. A strength of 
this study was the assessment of meal skipping. This is the first study to measure 
meal skipping by a ‘real time’ method with multiple days of dietary data. This 
dietary assessment method has been validated in this population (Chapter Three 
of this thesis) and is able to account for day to day variation by using a minimum 
of three days of dietary data (5, 465). This is also the first study within this 
population to use a transparent and clearly defined method for categorising and 
defining meal skipping across specific meals.  
Secondly, this study included a wide range of potential correlates covering 
multiple domains of the social-ecological framework, with the online 
questionnaire specifically designed to cover these domains. Finally, the study 
delivery, which was entirely online can be seen as a strength of this study. Online 
questionnaire platforms have multiple benefits for both the participant and the 
researcher, as they allow for question diversity including: skip sequences, 
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required completion of answers, control answer order, allow for controlled 
sampling, and they make it easy to obtain a large sample size (505). An online 
questionnaire platform lowers the researcher burden associated with distribution, 
completion and data entry, as questionnaires can be distributed via email links. 
The completed questionnaires are then uploaded instantaneous to the 
questionnaire platform, hence minimising the burden associated with data entry 
and cleaning. This method has low administration costs and is therefore useful for 
follow up studies. Participant burden is also minimised with online methods, 
which are faster and more convenient than traditional paper-based methods. The 
method used in this study was chosen because 88% of Australian adults use the 
internet every day (506), with rates expected to be even higher within 18-30 year 
olds.  
Limitations of the study include the lack of generalisability of the results. 
The sample was predominantly female due to difficulties in recruiting male 
subjects, and a large proportion of the sample were of high socio-economic 
position. Therefore, the results may be specific to females residing in high-socio-
economic positions in Victoria, Australia and therefore may not be generalisable 
to the wider population of young adults. Secondly, the cross-sectional design of 
this study prohibits inferences of causality. Longitudinal and experimental studies 
would help strengthen causal pathways between the variables. Thirdly, limited 
existing questionnaire items focus on capturing meal skipping data or the factors 
that influences individuals to skip meals. This was overcome with the creation of a 
novel item designed to measure specific influences on meal skipping in young 
adults. This measure was pre-tested in a test-retest sample however has not been 
used previously. Further work to develop comprehensive measures of complex 
constructs such as time as a barrier specific to young adult lifestyle behaviours 
may improve our understanding of this correlate.  
 
Implications for future research 
Much of the previous research in young adults has focused on young 
adults samples which are entirely female or heavily female skewed. Despite the 
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current study aiming to recruit a sample with equal sex distributions, this was not 
achieved. Future nutrition promotion research in young adults would benefit from 
analysing samples with more even distributions of male and female participants. 
This is important as previous literature documents sex difference in correlates 
such as the likeliness to use meal skipping as a weight control technique, with 
increased rates seen in females compared to males (49% and 18% respectively) 
(478). 
Most research to date has focused solely on meal skipping (any meal) and 
has failed to separate or categorise specific meal skipping behaviours (157). 
Results from the current study suggest that the correlates of specific meal 
skipping behaviours differ. Future intervention strategies targeting the reduction 
of meal skipping behaviours, should recognise the varying correlates of specific 
meal skipping behaviours. Perceptions surrounding weight control, habit, time as 
a barrier and self-efficacy to prepare foods could be potential targets for future 
intervention strategies and messages in young adults.  
The FoodNow app used within this study captured meal skipping at rates 
comparable to dietary assessment methods used to capture meal skipping in 
previous studies of young adults. This novel method of capturing eating occasions 
and meal skipping offers a dietary assessment method with lower participant and 
researcher burden whilst collecting data in real time. The online platforms used to 
administer the questionnaire were also acceptable to participants in this study, as 
demonstrated by high completion rates.  
Future methods used to define and measure meal skipping within 
populations need to be consistent with previous literature to increase 
comparability between studies. Measurement and definitions of meal skipping 
vary within the current literature, with no consistency between studies. Single 
questions with binary response items are frequently used to assess meal skipping 
(161, 163, 166, 175, 185, 187, 188), with few studies using dietary intake data 
from food diaries or 24-hour recalls to measure this eating behaviour (94, 98-100, 
165, 171). Of the studies that used food diaries or recalls, all studies used one day 
of dietary data (94, 98-100, 171). One day of dietary data has previously been 
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shown to be non-representative of usual eating behaviours or occasionally 
consumed foods (5). More thorough measurements and definitions across the 
literature would allow for more comparable and transparent research between 
varying age groups and nationalities.  
 
5.6 Conclusion  
In the current study, young adults with a university education had lower 
odds of being a meal skipper (any meal) or a lunch skipper, and those who viewed 
meal skipping as a form of weight control had higher odds of being a meal skipper 
(any meal) or dinner skipper. These results are novel, as this is the first study to 
measure meal skipping via this method of real time analysis, using multiple days 
of dietary intake data. The current study adds to present literature by identifying 
correlates of skipping specific meals as opposed to total meal skipping across the 
day, as much of the recent literature has done. The correlates identified within 
this study (weight control, self-efficacy, habit formation and the perception of 
time as a barrier) are modifiable and may be targeted in interventions and public 
health messages aimed at reducing meal skipping behaviours in young adults.   
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Chapter 6: Quantitative exploration of snacking 
correlates in young adults 
 
6.1 Introduction 
Snacking is commonly defined as the ingestion of food or beverage items 
outside of the traditional main meals (breakfast, lunch and dinner). Frequent 
snacking has been associated with greater risk of chronic disease, such as greater 
LDL cholesterol and lower total HDL and LDL cholesterol ratio, (26, 133-136), 
although findings are mixed (108, 138-142). Moreover, evidence for associations 
between snacking frequency and diet quality are inconsistent, suggesting that it 
may be snacking in the context of higher EI rather than snacking  frequency per se 
which is associated with chronic disease risk factors (43). 
Despite potential health risks, snacking has increased over recent decades 
in all studied populations (40, 43, 82, 84, 131, 132). Cross-sectional data shows 
that as many as 80% of American college students snack at least once daily (82). A 
longitudinal study (1977-78 to 1994-96) of American 19-29 year olds found that 
snacking prevalence increased from 77% to 84% (84). Paralleling this increased 
frequency has been the increase in the proportion of total energy coming from 
snack foods (43, 131, 132). The same study found the number of snacks per day 
increased by 14%, and the total EI from snacks rose from 20% to 23% (84). 
American (43, 126, 507), Canadian (508), and Brazilian (39) studies have reported 
that EI derived from snacks made up roughly a quarter of total daily EI (21-24%), 
with a Finnish study reporting that 36-40% of total daily EI came from snack foods, 
which were defined as any eating events outside of main meals (breakfast, lunch 
and dinner) (126). The energy density of these snacks contributes to the total 
daily EI of individuals, with the highest energy density snacks being consumed by 
young American adults aged 19-39 years (43). Given the possible health 
implications of snacking and the increased consumption of energy-dense snack 
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foods among young adults, research is needed to investigate the possible 
influences on snacking frequency to better inform future interventions. 
Conceptual models or frameworks are useful for understanding correlates 
of behaviours such as snacking. This chapter will use the social ecological 
framework developed by Story et al. (63), outlined in previous chapters to 
categorise correlates of snacking. As noted in Chapter Two, this framework is 
made up of the following four domains: 1) Individual influences; 2) Social-
environmental influences; 3) Physical-environmental influences; and, 4) 
Macrosystem influences (63). This framework has been used previously in eating 
behaviour research (63, 155), including qualitative research conducted by the 
candidate which identified self-reported correlates of snacking.   
Snacking in young adults has been associated with a range of correlates. 
The systematic review conducted by the candidate (Chapter Two) showed that 
the majority of these were within the individual domain of the social-ecological 
framework. These include sex (84, 107, 184, 191-195), ethnicity (196), BMI (193, 
197-200), education (194, 201), physical activity (202), smoking status (203), 
nutritional knowledge (204), distracted eating (142), psychological wellbeing (206, 
207), hunger (208), taste (208, 209), and money (202). In addition, qualitative 
interviews discussed in Chapter 4 reported meal skipping to increase snacking 
frequency. Identified correlates of snacking from the social-environmental domain 
include social interaction (210-212, 509), while correlates from the physical-
environmental domain include rural/urban living environments (194) housing type 
(172, 174, 214-216), food availability (208, 217) and eating location (218). Due to 
the lack of evidence of correlates from the macrosystem domain (likely to be due 
to their distal and indirect role in influencing eating patterns (427)), this domain 
will not be assessed in this study.  
Definitions and measurement of snacking vary within the current 
literature, with little consistency between studies. Previous studies have defined 
snacking according to the time of day of the eating occasion (26), type of food 
consumed (124), amount consumed, location of consumption or a combination of 
these factors (125-127). Methods used to capture snacking occasions include 
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single 24-hour recalls (84), FFQs (196, 220), questionnaire items (174, 204), food 
diaries (single day)(206) and laboratory consumption methods (221). 
Questionnaire items differ, with continuous scales, binary and categorical 
responses utilised. These inconsistencies in definition and measurement of 
snacking limit the ability to compare the findings between studies (Chapter Two). 
Very little research has assessed correlates specific to snacking frequency in 
young adults using multiple days of dietary data. By collecting dietary data over 
multiple days via a validated real-time measurement methodology (FoodNow 
app), a more thorough examination of the correlates of snacking frequency can be 
undertaken.  
 
6.2 Aim 
To quantitatively examine correlates of snacking frequency in a young 
adult population.  
 
6.3 Methodology 
6.3.1 Participants 
The study participants were between the ages of 18 and 30 years inclusive 
and living in Victoria, Australia. Women currently pregnant or lactating were 
excluded from recruitment due to potential variations in their eating habits and 
food intake. Recruitment was restricted to participants living in the state of 
Victoria to ensure the results were consistent for this area and not influenced by 
varying locations. 
At the time of study design there were limited data available to base a 
sample size estimation from, however the mean ± SD of daily eating occasions in 
American young adults was estimated at 4.9 ± 3.89 (132). To estimate the mean 
number of eating occasions with a 95% confidence interval, 10% precision and 
90% power, it was determined that a sample of 663 was required.  
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6.3.2 Procedures 
Data for this study were collected as part of the MEALS Study. This cross-
sectional study recruited participants from April 2015 to April 2016. Recruitment 
and data collection for the MEALS study have been described in previous chapters 
(Chapter Five - Meal skipping). Briefly, social media (Facebook and Twitter) was 
used to recruit young adults aged 18-30 years to complete an online survey 
(Qualtric platform) followed by four non-consecutive days reporting of eating 
occasions within the FoodNow app, a specifically designed smartphone 
application on their own smartphone (IPhone or Android) as described in Chapter 
Three. Ethical approval was received from Deakin University Human Ethics 
Advisory Group, Faculty of Health (HEAG-H) in February 2015 (HEAG-H 11_2015).  
 
6.3.3 Measures 
Snacking frequency (outcome variable) 
Snacking was assessed using data collected from the FoodNow app. 
Participants used the FoodNow app on four non-consecutive days (three 
weekdays and one weekend day) over an eight day period to record food and 
beverage intakes (5). Data collection, cleaning and coding of the FoodNow app 
data followed the same procedures as those reported in Chapter Three, Section 
3.5.2.  
The FoodNow app asked participants to record all eating occasions, self-
reporting the type of eating occasion they were consuming (“How would you 
describe the eating occasion?”). Options included breakfast, brunch, lunch, 
dinner, supper, morning tea, afternoon tea, snack, beverage or other. The ‘other’ 
option allowed the participant to report their own eating description if it was not 
within the list of options. These data included the types of eating occasion 
participants consumed throughout the day.  
The current literature provides no clear consensus on which definition is 
best for classifying meals and snacks (38). There are minimal differences in the 
estimation of predicting total EI and food and/or beverage intake based on either 
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self-reports or methods based around time-of-day consumption (36). For the 
purpose of this study self-reported breakfast, ‘brunch’, lunch, and dinner meals 
were grouped together, as ‘traditional meals’. Based on previous literature all 
remaining self-reported options including ‘morning tea’, ‘afternoon tea’, ‘supper’, 
‘snack’ or ‘beverage’ were grouped together as “snacks” (143). Water was 
excluded from analysis due to the inconsistent reporting methods used by 
participants to report water consumption. Any eating occasion with ≤ 210 kJ of EI 
was also excluded as previous research has demonstrated that this definition 
more strongly predicts total EI than when no energy criteria are set (36, 143). 
From this study, each participant’s total number of snacks was divided by the 
number of reporting days to calculate the average snacking frequency per day.  
 
Correlates of snacking (explanatory variables) 
The potential correlates of snacking were measured using both an online 
questionnaire and the FoodNow app. The online questionnaire (Qualitrics 
platform) contained potential correlates of snacking from the individual, social-
environmental and physical-environment domains of the social-ecological 
framework as originally proposed by Story et al. (63). The design of this 
questionnaire was informed by results of qualitative interviews reported in 
Chapter Four. Wherever possible, previously developed items from the literature 
that have been shown to be reliable were used. 
The FoodNow app measured eating occasions in real time, and was able to 
collect additional contextual information about each eating occasion. Three 
variables (activity whilst snacking, company whilst snacking and location whilst 
snacking) were collected in real time via the FoodNow app as outlined in Chapter 
Three.  
Table 6.1 presents the full list of measures included in the questionnaire 
and the FoodNow app, with response options and data reliability. These measures 
will be described below in detail and are organised via the domains of the social-
ecological framework.  
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Individual level correlates  
Multiple possible correlates of snacking frequency were assessed from the 
individual domain of the social-ecological framework. The demographic 
characteristics of the participants were measured in the online questionnaire. 
Education status response options were categorised as “holding a university 
degree” and “not having a university degree” (456). Ethnicity was measured as 
country of birth and was categorised as “born in Australia” and “born outside of 
Australia”. The avoidance of foods due to culture/religion was also measured in 
the online questionnaire; participants were required to select if they avoided any 
foods due to culture, religion or ethical reasons (yes or no) (457). 
Health behaviours such as smoking status were measured and were 
categorised as “never smoked”, “used to smoke”, or “current smoker” (456). 
Physical activity (PA) was measured by the IPAQ - Short form (458). This validated 
questionnaire assesses PA, specifically walking, moderate-intensity activities and 
vigorous intensity activities in both frequency and duration. From these data total 
minutes/week of various intensities of PA were calculated. Time spent in vigorous 
and moderate intensity PA per week was compared with the national guidelines 
for PA (>150 minutes of moderate or >75 minutes of vigorous activity per week) 
(459) to categorise participants into whether they “met” or “did not meet PA 
guidelines”.   
Meal skipping was measured by the Food Now app following day 
questions, which participants answered followed each reporting day. “Were there 
any eating occasions that you did not eat/skip?” Response options were yes/no. If 
yes was selected the name of the eating occasion/s that were skipped/did not eat 
was selected from a drop down menu. These options provided self-reported 
descriptions of which eating occasions were skipped on the previous reporting 
day. Meal skipping (any meal) was defined as skipping  ≥25% of total traditional 
main meals (breakfast, lunch and dinner) across reporting days (26). 
A range of pre-existing, validated, multi-item scale measures were used in 
the online questionnaire to measure time as a barrier, self-efficacy, food 
insecurity and a general knowledge nutrition measure. 
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Time as a barrier was measured by four items used previously in Project 
EAT (460), with items scored 1-4 resulting in a composite score of 4-16. Self-
efficacy was measured by an adapted version of Sallis’s self-efficacy scale for 
health-related diet and exercise behaviours (461), with 17 items summed 
together resulting in a score between 17-85. Food insecurity was measured by the 
guide to measuring household food security scale (462), which is a five-item scale 
with each affirmative response awarded one point. Responses are summed to 
form a scale with a score ranging from 1-6. A 51-item scale General Nutrition 
Knowledge Questionnaire was used to assess the relationship between knowledge 
and dietary behaviour, with each correct item awarded one point, these were 
then summed to form a score from 0-51 (463).  
Mood, hunger, weight control, habit and taste were assessed using items 
which asked participants “How likely are the following factors going to influence 
you when choosing something to eat between main meals (breakfast, lunch or 
dinner)? These items had five-point Likert scales (not at all likely to extremely 
likely). Due to the lack of existing measures, these items was created specifically 
for this study based on the qualitative interviews with young adults reported in 
Chapter 4. To ensure these new items were accurately measuring their respective 
measures a test-retest sub-study was conducted on these items only. Ninety 
participants completed this test-retest sub-study, over a period of two weeks, 
with agreement measured by weighted kappas. Moderate agreement (weighted 
kappas 0.41-0.60) were recorded for mood, weight control and taste measures, 
with substantial agreement (weighted kappas 0.61-0.80) for hunger and fair 
agreement (weighted kappas 0.21-0.40) for habit. A full description of this test-
retest sub-study and its results can be found in Appendix 5D. 
Activity whilst snacking was measured by the FoodNow app. Participants 
were asked a series of questions at each eating occasion. The question relating to 
activity was “What were you doing while eating/drinking?” The response options 
included “Nothing else, just eating”, “Watching TV/movies/cinema”, “Using the 
computer”, “In transit (car, train, tram, bus)”, “Talking/texting on phone”, “Visiting 
or socialising with friends/family”, “Reading/studying”, “Playing sports” and 
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“Other”. Participants were classified into one of these categories based on the 
greatest percentage of snacks eaten whilst participating in that activity over their 
three or four-day reporting period. For example, if over a four-day reporting 
period 12 snacks were consumed with two consumed whilst reading, six 
consumed whilst watching TV and four consumed whilst doing nothing but eating, 
the participant would be classified as a TV watching snack consumer. This is 
because the majority (50%) of snacks were consumed whilst watching TV 
compared to 17% whilst reading and 33% whilst doing nothing.  
 
Social-environmental correlates   
The social-environmental correlates considered to be potentially 
associated with meal skipping were the preference of others at the eating 
occasions, relationship status and the company (of other people) whilst snacking. 
The preference of others at eating occasions was measured in the purpose-
designed questionnaire item which asked participants “How likely are the 
following factors going to result in SKIPPING a main meal (breakfast, lunch or 
dinner)?” This items had five-point Likert scale (not at all likely to extremely likely). 
Test-retest results found poor/slight agreement (weighted kappa 0.00-0.20) for 
this item, with full results reported in Appendix 5D. Relationship status was 
categorised as “in a relationship” or “not in a relationship”. 
Company (of other people) whilst snacking was measured by the FoodNow 
app. Participants were asked a series of questions at each eating occasion. The 
question relating to company was “Who were you with while eating/ drinking?” 
with response options including “By myself”, “With friends”, “With my partner”, 
“With my children”, “With other family members”, “With work colleagues”, “Other 
uni students”, and “Other”. Participants were classified into one of these 
categories based on the greatest percentage of snacks eaten whilst in the 
company of specific others over their three or four-day reporting period. This 
calculation was the same as the one outlined for activity whilst snacking, with the 
classification based on who the majority of snacks were consumed with over the 
reporting period.  
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Physical-environment correlates 
Housing type, socio-economic living environment (377) and location of 
snacking eating occasions were considered to be correlates that might be 
associated with snacking frequency from the physical-environment domain. 
Current housing or living situation was collapsed into three categories based on 
living with family, friends, or alone. Social-economic position was measured by the 
SEIFA Index for Relative Socio-economic Disadvantage (377), where postcodes 
were used to assign a composite index score. These scores were derived from 
Census data relating to attributes such as low income, low educational attainment 
and unskilled occupations and were collapsed into high, medium or low 
categories.  
Location of snacking was measured by the FoodNow app. Participants 
were asked a series of questions at each eating occasion. The question relating to 
location of snacking was “What type of place you were at during this 
eating/drinking occasion?” with response options including “Home”, “Work”, 
“University”, “Friends/family’s house”, “Restaurant”, “Coffee shop/café”, “Fast 
food venue”, “Sporting venue”, “In transit (car, train, tram, bus)”, and “Other”. 
Participants were classified into one of these categories based on the greatest 
percentage of snacks eaten whilst at a specific location over their three or four 
day reporting period. This calculation was similar to the one outlined for activity 
whilst snacking and company whilst snacking, with the classification based on 
where the majority of snacks were consumed with over the reporting period. 
  
Covariates 
Body mass index (BMI), sex, EI and age were considered as covariates in 
this study, as recent literature suggests that these variables are associated with 
snacking frequency (98, 161, 166, 177, 184). Height (cm) and weight (kilograms) 
were self-reported by participants in the online survey and BMI was calculated as 
weight (in kilograms)/height (in meters2) (8). Energy intake was adjusted for 
during analysis as it is positively associated with snacking frequency in varying 
population groups (139). Dietary data collected by the FoodNow app was used to 
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calculate energy intake.  Coding of these data followed the same procedures as 
those outlined in Chapter Three, Section 3.5.2.
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Table 6.1 List of the measure and responses considered as potential correlates of snacking in young adults groups according to the social-ecological 
framework  
 Measure Responses Item type Range Reliability/ 
Source 
Individual influences  
Education What is the highest qualification you have 
completed? 
Original response options: No formal qualifications, Year 10 
or equivalent, Year 12 or equivalent, Trade/apprenticeship, 
Certificate/diploma, University degree, Higher university 
degree 
 
Collapsed responses: University education OR No university 
education 
Individual 
item 
1-2 (456) 
Ethnicity Which country were you born in? Original response options: Australia, United Kingdom, Italy, 
Greece, New Zealand, Vietnam, Other 
 
Collapsed responses:  Australia OR Other 
Individual 
item 
1-2 (464) 
Culture/religion Do you avoid any particular foods because of 
cultural, religious or ethical reasons?  
Yes/No 
 
Individual 
item 
1-2 Adapted from 
(457) 
Ƙ*=0.73 
Smoking status Which of the following best describes your 
current smoking status? 
Original response options: Never smoked, Used to smoke, 
Smoke occasionally, Smoke regularly 
 
Collapsed responses: Never OR 
Ex, Occasionally, Regularly smoke 
Individual 
item 
1-2 (456) 
 
Physical activity International Physical Activity Questionnaire 
(IPAC) - Short form 
Total minutes/week of vigorous intensity PA, 
Total minutes/week of moderate intensity PA 
 
Individual 
item 
1-2 α= 0.51–0.64 
*r =0.58 
(458) 
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Collapsed responses: Meet PA guidelines OR Do not meet 
PA guidelines 
Meal skipping F Did you not eat/ skip any of the following meals?  Original responses: Yes/No  If yes Breakfast, Lunch, Dinner, 
Other 
 
Collapsed responses: Meal skipper OR not a meal skipper 
Individual 
item 
1-2 New measure 
Activity whilst 
snacking F 
What were you doing while eating/drinking? 
 
Original responses: Nothing else, just eating, Watching 
TV/Movies/cinema, Using the computer, In transit (car, 
train, tram, bus), Talking/texting on phone, Visiting or 
socialising with friends/family, Reading/studying, Playing 
sports, Other 
 
Collapsed responses: Nothing else OR visiting family and 
friends OR screen-based activities OR other 
Individual 
item 
1-4 New measure 
Time as a 
barrier 
4 items  
A) I am too busy to eat healthy foods 
B) I am too rushed in the morning to eat a 
healthy breakfast 
C) Eating healthy meals just takes too much time 
D) I don’t have time to think about health eating  
Original response options: Strongly disagree, Disagree, 
Agree, Strongly agree 
(Scored 1-4) 
 
Sum to form total score. 
Scale 4-16 Project EAT-III 
α = 0.79 
*r = 0.62 
(460) 
 
Self-efficacy 17 item scale was used to assess personal self-
efficacy related to health-related diet behaviours  
Original response options: Not at all confident, Slightly 
confident, Moderately confident, Very confident, Extremely 
confident 
(Scored 1-5) 
 
Sum to form total score.  
Scale 17-85 Adapted from 
Sallis. (461) 
Food insecurity 5 items (Last 12 months) 
A) The food that I/we bought just didn’t last and 
I/we didn’t have enough money to get more 
Original response options: Often true, Sometimes true, 
Never, Don’t know/don’t want to answer 
OR 
Scale 0-5 Guide to 
measuring 
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B) I/we couldn’t afford to eat balanced meals 
C) Did you or other adults in your household ever 
cut the size of your meals or skip meals because 
there was not enough money for food? 
D) Did you ever eat less than you felt you should 
because there was not enough money to buy 
food? 
E) Were you ever hungry but didn’t eat because 
you couldn’t afford enough food? 
Yes-almost every month, Yes-some months but not every 
month, Yes-only 1 or 2 months, No 
 
Often true, sometimes true, Yes, almost every month, yes 
are all marked as affirmatives =1 
 
Sum to form total score.  
 
household 
food security 
Sensitivity 
92% 
Specificity 
99.4% 
(462) 
 
Nutritional 
knowledge  
51 item scale General Nutrition Knowledge 
Questionnaire to assess the relationship between 
knowledge and dietary behaviour 
Correct items get a score of 1.  
Sum to form total score.  
Scale 0-51 α= 0.53-0.92 
*r= 0.87 
(463) 
Perceptions of 
mood affecting 
snacking 
behaviour 
How likely are the following factors going to 
result in SKIPPING a main meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ*=0.41 
 
Perceptions of 
hunger affecting 
snacking 
behaviour 
How likely are the following factors going to 
result in SKIPPING a main meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ*=0.44 
 
Perceptions of 
weight control 
affecting 
snacking 
behaviour 
How likely are the following factors going to 
result in SKIPPING a main meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ*=0.39 
 
Perceptions of 
habit affecting 
snacking 
behaviour 
How likely are the following factors going to 
result in SKIPPING a main meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ*=0.42 
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Perceptions of 
taste affecting 
snacking 
behaviour 
How likely are the following factors going to 
result in SKIPPING a main meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ*=0.39 
Social-environmental influences  
Relationship 
status 
Which of the following best describes your 
relationship status? 
Original responses: Married, De facto relationship, 
Committed dating relationship or engaged, Single, 
Separated, Widowed 
 
Collapsed responses: In a relationship OR Not in a 
relationship 
Individual 
item 
1-3 (464) 
Preference of 
other people at 
eating occasion 
How likely are the following factors going to 
result in SKIPPING a main meal? 
1= Not likely, 2, 3, 4, 5 = Highly likely Scale 1-5 Ƙ*=0.32 
Company whilst 
snacking F 
Who were you with while eating/ drinking? 
 
Original responses: By myself, With friends, With partner, 
With my children, With other family members, With work 
colleagues, With other university students, Other 
 
Collapsed responses: Alone OR with friends OR with other 
people (e.g. partner/family/work colleagues/ friends) OR 
not reported 
Individual 
item 
1-4 New measure 
Physical-environment influences 
Area level 
Social-economic 
position 
What is your current address? SEIFA 
1-4= Low 
5-7 = Medium 
8-10 = High 
 
Collapsed responses: Low OR Medium OR High 
Individual 
item 
1-3 (377) 
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Housing type Which of the following best describes your 
current housing or living situation? 
Living with parents/family, Living by myself, Living with 
partner/spouse, Living with flatmates/friends, Living with 
children, Other 
 
Collapsed responses: Living with family OR Living alone OR 
Living with flatmates/friends 
Individual 
item 
1-3 (464) 
Location whilst 
snacking F 
What type of place you were at during this 
eating/drinking occasion? 
 
Original responses: Home, Work, University, Friends/family 
home, Restaurant, Coffee shop/café, Fast food venue, 
Sporting venue, In transit (car, train, tram, bus) Other 
 
Collapsed responses: Home OR work/University OR fast 
food venue OR café/restaurant OR other OR not reported 
Individual 
item 
1-6 New measure 
Covariates 
Sex What gender do you identify as? Male, Female  Individual 
item 
1-2 (464) 
Age What is your date of birth? dd/mm/yyyy Individual 
item 
Contin
uous 
(464) 
Self-reported 
weight 
How much do you currently weight, without 
clothes of shoes? 
kg Individual 
item 
Contin
uous 
(8) 
Self-reported 
height 
How tall are you without shoes? cm Individual 
item 
Contin
uous 
(8) 
Energy Intake Tell us about the food or drink you consumed? Dietary data matched AUSNUT database 
kJ 
4 day Food 
diary 
Contin
uous 
 
F measured in the FoodNow app, all others measured in online survey  
1r = test-retest Pearson correlation 
2Ƙ =weighted kappa 
3α= alpha 
Abbreviations 
PA = Physical activity, PA guidelines = (>150 mins of moderate or >75 mins of vigorous activity per week) (459), SEIFA = Socioeconomic Index for Areas 
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6.3.4 Data analysis 
 STATA version 14 (Stata Corporation) was used for the statistical analyses. 
Means (standard deviations) and frequencies were used to summarise snacking 
frequency across varying snacking contexts (e.g. company, location and activity 
whilst snacking). Independent t-tests (for non-parametric data, Wilcoxon Rank 
Sum test) and Pearson’s chi-square test (or Fisher exact test, (cell count <5) were 
used to examine differences in the EI of specific eating occasions and also the 
energy content of eating occasions in different contexts for continuous, and 
categorical variables, respectively.  
 Logistic regression models were used to examine associations between 
potential correlates and snacking. Bivariate logistic regressions (model 1) was 
used to examine associations between each potential correlate and snacking 
frequency. Only variables that were statistically significant in model 1 (P<0.05) 
were included in model 2 (multivariate logistic regressions). All variables included 
in model 2 were tested for multicollinearity using tolerance and variance inflation 
factors (VIFS); no multicollinearity was identified. All models were adjusted for 
age, sex, EI and BMI. Results were considered statistically significant at a P-value 
of <0.05. 
 
6.4 Results 
Seven hundred and twenty-seven participants were recruited into the 
study. A total of 700 participants (611 female, 89 male) aged 18-30 years (mean 
age: 24.1±3.6 years) from Victoria, Australia completed the online questionnaire.  
Figure 6.1 documents the participant flow diagram from consented 
participants (n=727) through to those with complete data sets (n=557). The 
following analysis is based on the 557 participants who recorded their eating 
occasions on the FoodNow app for three or four days and had complete data on 
all other variables. Of the 557 participants included in this analysis 66 participants 
had three days of FoodNow data, and 491 participants had four days of FoodNow 
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dietary intake data. This data was collected over 2162 days, with 9541 eating 
occasions reported.  
 
 
Figure 6.1 Flow diagram of the analytical sample – Snacking frequency (n=727) 
 
 
Table 6.2 describes the characteristics of the 557 participants (485 females, 72 
males) aged 18-30 years (mean age: 24.1±3.5 years) with complete data. The 
majority of participants were born in Australia (75%), were non-smokers (83%), 
held a university degree (63%), met the physical activity guidelines (63%), were in 
a relationship (52%), lived in a suburb ranked with a high SEIFA score (62%) and 
shared housing with friends or flatmates (51%).  
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Table 6.2 Characteristics of the young adult participants (n=557) 
Characteristic n (%)1 
Socio-demographic  
Age (years), Mean ± SD 24.10 ± 3.5 
Sex  
       Male 72 (13) 
       Female 485 (87) 
Education  
       No university degree 220 (39) 
       University degree 337 (61) 
Country of birth  
       Australia 415 (75) 
       Other 142 (26) 
Relationship status  
       In a relationship  292 (52) 
       Not in a relationship 265 (48) 
SEIFA  
       Low 65 (12) 
       Medium 147 (26) 
       High 345 (62) 
Living situation   
      Living at home 205 (37) 
      Living alone 66 (12) 
      Living with friends/flatmates 286 (51) 
Health behaviour  
Body mass index (kg/m2), Mean ± SD 22.82 ± 4.2 
Smoker  
       Never  464 (83) 
       Used, Occasionally, Regularly to smoke 93 (17) 
Physical activity  
     Do not meet guidelines 206 (37) 
     Meeting guidelines 351 (63) 
1Values are n (%) unless otherwise specified 
SEIFA= Socioeconomic Index for Areas 
SD= Standard deviation  
 
 
6.4.1 Definition of a snack 
Previous literature has shown no consistency when defining eating 
occasions as main meals or snacks. As discussed previously, self-reported 
breakfast, lunch and dinner were defined as main meals with any other eating 
occasion defined as a snack. Analyses (t-tests) were conducted to examine the EI 
of snack and main meal eating occasions to assess if this definition was 
appropriate.  
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Table 6.3 contains the mean energy content per eating occasion for traditional 
main meals and snacks. The energy content of the brunch eating occasion was not 
significantly different to the average of all main meals energy content. Therefore, 
in this chapter the brunch eating occasion will be referred to as a main meal 
rather than a snack eating occasion. The average energy content of all snacks was 
significantly different to the energy content of each of the main meals.  
 
Table 6.3 Energy content of each eating occasion 
 Eating occasions Observations 
(n) 
Energy content (kJ) Mean 
(SD) 
Traditional 
main meal 
eating 
occasions 
Breakfast 1849 1489 (866) 
Lunch 1825 2053 (1159) 
Dinner 1948 2619 (1440) 
Average of all main 
meals 
5627 2064 (1271)1 
Snacking 
eating 
occasions 
Morning Tea 324 877 (722) 
Brunch 171 1904 (1243)* 
Snack 1653 830 (851) 
Afternoon Tea 417 1144 (1057) 
Supper 282 1170 (854) 
Other 147 1471 (1283) 
Beverage 834 574 (53) 
Not reported 88 1779 (1741) 
 Average of all snacks 3914 930 (954)2 
All eating 
occasions 
 9541 7529 (2208) 
1Compared separately with each snacking eating occasion energy content (t-test) 
2Compared separately with each main meal eating occasion energy content (t-test) 
*not significantly different to the average of all main meal energy content 
Significant results (P<0.05) bolded 
 
 
6.4.2 Eating occasion frequency and energy content 
The 557 participants reported 9541 eating occasions over 2162 days. As 
shown in Table 6.4, the average energy content of the main meals was 2059±2208 
kJ compared to 885±914 kJ for snacks. Participants ate an average of 4.35±1.5 
eating occasions per day, with 2.68±0.6 reported as being traditional main meals 
and 1.78±1.2 reported as snacks. 
 
Table 6.4 Frequency and energy content of main meals and snacks 
 Observations Energy content (kJ) 
Mean (SD) 
Frequency/day 
Mean (SD) 
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Main meals 5796 2059.84 (2208.0) 2.68 (0.6) 
Snacks 3745 885.67 (914.8) 1.78 (1.2) 
All eating occasions 9541 1598.96 (1279.7) 4.35 (1.5) 
The FoodNow app collected specific contextual data surrounding each 
eating occasion. Table 6.5 provides the frequency and energy content of all eating 
occasions, main meals and snacks according to what activity the participant was 
doing whilst eating, who the participant was with whilst eating and where they 
were whilst eating. The majority of eating occasions were consumed whilst 
participating in screen-based activities including TV, smartphone, computer or 
cinema use. Forty-three percent of all eating occasions, 42% of main meals and 
44% of snacks were consumed whilst participating in screen-based activities.  
The highest EI from all eating occasions and main meals was consumed 
whilst visiting family/friends, there were significantly higher EI whilst participating 
in this activities compared to all other activities (p<0.05). The highest EI from 
snacks across all activities was whilst participating in activities that were not 
reported. 
Table 6.5 describes the participants’ company during all eating occasions, 
main meals and snacks. The majority of eating occasions were consumed whilst 
young adult participants were alone and not in the company of anyone else. Half 
(52%) of all eating occasions, 50% of main meals and 54% of snacks were 
consumed when the participants were alone. However, the highest mean EI 
across all eating occasions and main meals occurred when participants were in 
the company of friends, compared to all other company options (p<0.05). The 
highest mean EI from snacks across all company options was whilst in a company 
of someone who was not specified in the FoodNow app drop down menus.  
The location of eating occasions is also reported in Table 6.5, according to all 
eating occasions, main meals and snacks. The majority of eating occasions were 
consumed whilst young adult participants were at home, with 65% of all eating 
occasions, 70% of main meals and 57% of snacks consumed whilst at home. Mean 
EI of all eating occasions and main meals were highest whilst at fast food venues 
and café/restaurants, compared to all other eating location options (p<0.05). The 
mean energy content of snacks was highest at fast food venues (p<0.05). 
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Table 6.5 Frequency and energy content of eating occasions, main meals and snacks according to specific eating contexts collected by the 
FoodNow Smartphone app 
 All eating occasions (n= 9541) Main meals (n= 5796) Snacks (n= 3745) 
 Freq. (%) Energy Content (kJ) 
Mean (SD) 
Freq. (%) Energy Content (kJ) 
Mean (SD) 
Freq. (%) Energy Content (kJ) 
Mean (SD) 
ACTIVITY 
Nothing else 2456 (26) 1531.21 (1183.9) 1671 (29) 1861.18 (1166.5) 785 (21) 828 (874) 
Visiting Family/friends 1554 (16) 2035.39 (1526.3)* 1016 (18) 2548.84 (1508.0)* 538 (14) 1065 (1012) 
Screen-based activities 4056 (43) 1581.22 (1249.2) 2423 (42) 2060.71 (1227.9) 1633 (44) 869 (889) 
Other 1257 (13) 1241.18 (1054.2) 596 (10) 1775.14 (1054.8) 661 (18) 759 (788) 
Not reported 215 (2) 1612.53 (1284.3) 87 (1) 2040.91 (1099.6) 128 (3) 1321 (1322)* 
COMPANY 
Alone 4908 (52) 1372.26 (1076.6) 2893 (50) 1761.93 (1046.1) 2015 (54) 812 (849.5) 
With friends 983 (10) 2044.47 (1626.1)^ 615 (11) 2629.43 (1627.9)^ 368 (9) 1066 (1053) 
With other people 3475 (36) 1796.06 (1367.1) 2231 (38) 2291.06 (1328.0) 1244 (33) 908 (911) 
Not reported 172 (2) 1499.27 (1227.3) 54 (1) 1899.23 (1007.3) 118 (3) 1316 (1278)^ 
LOCATION 
Home 6156 (65) 1598.60 (1202.7) 4029 (70) 1990.68 (1182.8) 2127 (57) 855 (832) 
Work/University 1786 (19) 1312.33 (1079) 875 (15) 1877.42 (1096.5) 911 (24) 769 (725) 
Fast food venue 85 (1) 2660.42 (1905.1)# 66 (1) 2891.66 (1728.8)# 19 (1) 1857 (2295)# 
Café/Restaurant 678 (7) 2448.30 (1779.9)# 488 (8) 2947.86 (1713.8)# 190 (5) 1165 (1217) 
In transit 306 (3) 1044.82 (938.5) 110 (2) 1315.24 (860.6) 196 (5) 893 (948) 
Other 332 (3) 1582.23 (1365.7) 148 (3) 2236.83 (1361.9) 184 (5) 1055 (1121) 
Not known 195 (2) 1682.20 (1564.4) 77 (1) 2077.24 (1388.9) 118 (3) 1424 (1623) 
*significantly different to all other activities for that eating occasion category 
^significantly different to all other company options for that eating occasion category 
#significantly different to all other location options for that eating occasion category 
Significant results (P<0.05) bolded
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6.4.3 Correlates of snacking  
Table 6.6 presents the results of linear regression analysis that examined 
associations between potential correlates and snacking frequency. In model 1 
(adjusting for age, sex, EI and BMI) six variables from the individual domain were 
significantly associated with snacking. In the final multivariable model (model 2), 
three variables (ethnicity, screen-based activities and general nutritional 
knowledge) remained significantly associated with snacking. Participants who 
were born outside of Australia ate 0.34 more snacks per day compared to those 
born in Australia (β=0.34; 95% CI: -0.54, -0.13; p=0.001). Participants who 
consumed the majority of their snacks whilst participating in screen-based 
activities (such as TV viewing, smartphone, computer or tablet use) ate 0.26 more 
snacks per day compared to those who consumed the majority of their snacks 
whilst doing nothing (β=0.26; 95% CI: 0.05, 0.47; p=0.014). Snacking frequency 
per day was associated with general nutritional knowledge although the 
magnitude of the relationship was small, with every one-point increase in the 
general nutritional knowledge score corresponding to 0.02 more snacks per day 
(β=0.02; 95% CI: 0.01, 0.04; p=0.009).  
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Table 6.6 Multi-variable adjusted Beta and 95 % CI of snacking frequency according to 
participant characteristics from the individual, social-environmental and physical-
environmental domains (n =557) 
 
Variable Model 1* Model 2* 
 β (95% CI) P^ β (95% CI) P^ 
INDIVIDUAL DOMAIN     
Education  
   No University degree  
   University degree 
 
Reference 
0.06 (-0.17, 0.28) 
 
 
0.63 
 
 
- 
 
 
- 
Ethnicity 
   Australia  
   Other 
 
Reference 
-0.42 (-0.63, -0.22) 
 
 
<0.001 
 
 
0.34 (-0.54, -0.13) 
 
 
0.001 
Food culture/religion 
   Yes  
   No 
 
Reference 
0.11 (-0.11, 0.32) 
 
 
0.33 
 
 
- 
 
 
- 
Smoking status 
   Never  
   Used to, Occasionally & Regularly 
 
Reference 
0.07 (-0.17, 0.31) 
 
 
0.56 
 
 
- 
 
 
- 
Physical activity 
   Not meeting guidelines  
   Meeting guidelines 
 
Reference 
-0.03 (-0.21, 0.15) 
 
 
0.76 
 
 
- 
 
 
- 
Meal skipping -0.00 (-0.24, 0.23) 0.97 - - 
Activity while snacking 
  Nothing else  
  Visiting family and friends 
  Screen-based activities 
  Other 
 
Reference 
0.28 (-0.02, 0.59) 
0.29 (0.08, 0.49) 
0.29 (-0.14, 0.68) 
 
 
0.06 
0.008 
0.196 
 
 
- 
0.26 (0.05, 0.47) 
- 
 
 
- 
0.014 
- 
Time as a barrier -0.05 (-0.08, -0.01) 0.008 -0.00 (-0.05, 0.04) 0.85 
Self-efficacy to prepare foods 0.01 (0.00, 0.02) 0.002 0.01 (-0.00, 0.01) 0.10 
Food insecurity -0.06 (-0.13, 0.01) 0.09 - - 
Nutritional knowledge 0.03 (0.02, 0.05) <0.001 0.02 (0.01, 0.04) 0.009 
Moodº -0.07 (-0.13, -0.01) 0.032 -0.03 (-0.09, 0.04) 0.37 
Hungerº -0.03 (-0.08, 0.03) 0.39 - - 
Weight controlº -0.00 (-0.07, 0.06) 0.97 - - 
Habitº -0.04 (-0.10, 0.01) 0.12 - - 
Tasteº -0.06 (-0.11, 0.00) 0.07 - - 
SOCIAL-ENVIRONMENTAL DOMAIN     
Relationship status 
   In a relationship  
   Single 
 
Reference 
-0.08 (-0.26, 0.11) 
 
 
0.42 
 
 
- 
 
 
- 
Preference of other people at eating occasion -0.04 (-0.11, 0.04) 0.35 - - 
Company whilst snacking 
  Alone  
  With friends 
  With other people  
 
Reference 
-0.18 (-0.57, 0.20) 
-0.07 (-0.25, 0.11) 
 
 
0.35 
0.48 
 
 
- 
- 
 
 
- 
- 
PHYSICAL-ENVIRONMENTAL DOMAIN     
SEIFA 
   Low  
   Medium 
   High 
 
Reference 
-0.17 (-0.47, 0.13) 
-0.12 (-0.40, 0.15) 
 
 
0.26 
0.38 
 
 
- 
- 
 
 
- 
- 
Housing type 
   Living with family  
   Living alone 
   Living with flatmates 
 
Reference 
-0.10 (-0.41, 0.20) 
0.14 (-0.07, 0.34) 
 
 
0.50 
0.19 
 
 
- 
- 
 
 
- 
- 
Place whilst snacking 
  Home  
  Work/University 
  Fast food Venue 
  Café/Restaurant 
  Other 
  Not reported 
 
Reference 
0.03 (-0.28, 0.34) 
0.65 (-1.38, 2.68) 
-0.05 (-1.06, 0.96) 
0.69 (-0.74, 2.13) 
-0.74 (-1.75, 0.27) 
 
 
0.85 
0.53 
0.92 
0.34 
0.15 
 
 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
Chapter 6: Correlates of snacking 
 
173 
 
COVARIATES     
Age 0.04 (0.01, 0.06) 0.004 0.03 (0.001, 0.06) 0.018 
BMI -0.02 (-0.04, -0.00) 0.037 -0.02 (-0.04, 0.00) 0.13 
Sex 
   Male  
   Female 
 
Reference 
0.86 (0.59, 1.13) 
 
 
<0.001 
 
 
0.65 (0.37, 0.94) 
 
 
<0.000 
Energy intake <0.00 (<0.00, 
<0.00) 
<0.001 <0.00 (<0.00, 
<0.00) 
<0.000 
Model 1 is adjusted for covariates (sex, age, energy intake and BMI)  
Model 2 is the fully adjusted multivariable model, which includes all variables found to be substantially associated 
with meal skipping (any meal) in Model 1 and age sex, energy intake and BMI. R2 = 0.3485, Adj R2 = 0.3330  
^P-values were calculated using ordinal regression; P-Values <0.05 are bolded; º Perception of how this item 
would affect snacking behaviour 
Abbreviations: CI, confidence intervals; OR, odds ratio; BMI, Body Mass Index; SEIFA, Socioeconomic Index for 
Areas; With other people: partner/family/work colleagues/ friends) 
 
6.5 Discussion 
Main findings  
The aim of this study was to identify correlates of snacking in a young 
adult population. The results show that snacking frequency, measured as mean 
frequency of snacks consumed per day, was associated with three correlates from 
the individual domain of the social-ecological framework. Those born outside of 
Australia snacked more frequently compared to those born in Australia. Increased 
snacking frequency was also associated with a higher general nutrition knowledge 
and participation in screen-based activities.  
 
Ethnicity 
In the current study, participants who were not born in Australia had a 
higher snacking frequency compared to those who were born in Australia. 
Previous research looking at ethnicity and its association with snacking frequency 
has shown differences between young adults from different countries, with young 
adults from Bulgaria more likely to snack more frequently than those from 
Germany or Poland (196). A large cross-cultural study of college students from 
France, The Netherlands and North America mirrored these results with varying 
eating patterns and EI found across the three ethnicities (510). The association 
between snacking frequency and ethnicity has however not been assessed 
previously in an Australian compared to a non-Australian born sample.  
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Eating patterns or eating frequency traditionally vary between ethnicities 
(178, 510). The French eating culture is characterised by three main meals a day 
with limited snacking or grazing in between. Main meals are commonly smaller in 
size compared to many other western countries and are commonly eaten seated 
at a table whilst in the company of other people (511). The study conducted by de 
Castro et al. (510), investigated the differences in eating patterns of college 
students across three different ethnicities (French, North American and Dutch). 
This study reported that Dutch students consumed food throughout the day in 
smaller more frequent eating occasions compared to both the French and the 
American students (510). This snacking or grazing pattern has also been found 
within elderly Dutch adults (512), suggesting that this eating pattern has ethic 
significance. Although the current study did not compare specific ethnic eating 
patterns, the results suggest those who were not born in Australia were more 
likely to consume more snacks per day compared to Australian born participants. 
It is however important to note that the study by de Castro et al. (510), 
investigated eating patterns whilst currently living in their own country. It is 
however unknown to what extent or over what time frame young adults eating 
patterns adapt in individuals who migrate or live temporarily (e.g. student visa) in 
another country. A study exploring dietary patterns among Asian students before 
and after immigration to the US reported increased meal skipping and a change in 
the selection of snack types (increased salty and sweet snack items) post 
immigration (513). This study however did not report associations of these 
behaviours, and it unknown if similar results would occur with immigration to 
Australia due to varying food environments.  
 
Nutrition knowledge 
Young adults are frequently reported to have low nutrition knowledge 
(514). Those with limited nutritional knowledge are less likely to participate in 
food preparation (514), have increased fast food consumption (515), and are less 
likely to meet recommendations for fruit, vegetable and fat intakes (468, 516, 
517), compared to those with high nutritional knowledge.  
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In the current study, for every one-point increase in the general nutrition 
knowledge measure, participants were likely to consume 0.02 more snacks per 
day. While this is statistically significant, 0.02 snacks per day may not be very 
meaningful in a real life setting. The results of this study contrast findings from a 
study conducted in Korean university students that showed those who had higher 
nutritional knowledge scores were less likely to snack compared to students with 
a lower nutritional knowledge score (204). However, it is unclear what measure 
that study used to assess nutritional knowledge, how they defined a snacking 
eating occasion or how these results compare to Australian young adults due to 
cultural difference in eating patterns. Few, studies have reported the relationship 
between nutritional knowledge and snacking frequency. Future research is 
required to better understand the impact of nutritional knowledge has on 
snacking frequency.  
Nutritional knowledge however may be associated with the selection of 
snack foods, where higher nutrition knowledge is associated with the selection of 
nutrient-dense snack items such as apples, as opposed to nutrient poor items 
such as crackers or confectionary foods (518-520). While it is acknowledged that 
the types of snack foods and their nutritional quality is important, it was outside 
the scope of this thesis to examine this.   
 
Distracted eating 
Participants who consumed the majority of their snacks whilst 
participating in screen-based activities such as TV viewing, smartphone, computer 
or tablets ate more snacks per day compared to those who consumed the 
majority of their snacks doing nothing else but eating. These findings are similar to 
those from previous studies conducted in young adults that found positive 
associations between the number of hours per day watching TV and snacking 
frequency. Those that were classified as a “medium” to “high” viewers of TV 
(“high” ≥ 4 hours/day, “medium” 1-4 hours/day) snacked more frequently than 
“low” TV viewers (“low” <1 hour/day) (205).  
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A longitudinal study assessing the TV viewing behaviours of adolescents 
identified an association between high TV viewing and snacking frequency in 
young adulthood. Compared to those who watched ≤5 hours per day of TV, those 
who watched ≥5 hours/day of TV in adolescence were more likely to have higher 
intakes of snack products and sugar-sweetened beverages in young adulthood 
(521). Hours spent watching TV has also been linked to the energy density of 
snacks, with those who watch more TV more likely to eat energy dense snack 
foods (142). 
Recent literature has explored the concept of ‘mindful eating’. Mindful 
eating refers to eating with intention, attention and limited distraction (522). It 
involves a non-judgemental awareness of one’s present experience and has been 
reported to be associated with increased consumption of fruits and vegetables, 
and decreased consumption of dietary fat (523). Studies conducted among 
university students have reported positive health behaviour outcomes from the 
practice of g mindfulness,  such as reduced binge eating, better sleep quality and 
increased PA (524). The relationship between mindfulness and snacking has also 
been assessed in university student populations, with mindfulness activities 
associated with lower consumption of a high calorie snack food (chocolate chip 
cookies) when compared to those who didn’t complete the activity (525). This 
study was conducted in a lab setting, with more studies needed in community 
settings to confirm this association. The associations seen in the current study 
between TV viewing and increased snacking frequency might be explained by the 
attention the individual is paying to the food they are consuming. The 
incorporation of mindful eating or non-distracted eating may focus the attention 
of the individuals to what they are eating thus improving snack choices or 
frequency of consumption.   
 
Strengths and limitations 
The present study has a number of strengths and limitations. One of its 
strengths was the measurement of snacking frequency. This is one of the first 
studies to measure snacking by a ‘real time’ method with multiple days of dietary 
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intake data. This dietary assessment method has been validated in this population 
(Chapter Three) and is able to account for day to day variation by using a 
minimum of three days of dietary data (5, 465). This is also one of the first studies 
within this population to use a transparent and clearly defined method for 
categorising or defining snacking eating occasions.  
Secondly, this study included a wide range of potential correlates, with the 
online survey and FoodNow app purposed-designed to cover a range of 
correlates. Thirdly, this study is the first of its kind to measure screen-based 
activities simultaneously with eating occasions. Previous studies have used 
retrospective questionnaires investigating “usual” behaviour whilst participating 
in screen-based activities (526). The use of the FoodNow app decreases memory 
bias, due to its real-time data collection. This form of data collection can be seen 
as a strength compared to previous methods which rely on memory and the 
ability to accurately assess previous behaviours. Finally, the study delivery, which 
was entirely online, allowed for a large number of participants who lived far from 
the research site to be involved in the study at minimal cost and burden to both 
the researcher and the participants.  
Limitations of the study include the lack of generalizability of the results. 
As the majority of participants were highly educated, young women residing in 
high-socio-economic position locations in Victoria, Australia, the results may be 
specific to this population and not transferable to the general young adult 
population. In addition, the cross-sectional design of this study prohibits 
inferences of causality. Experimental and longitudinal studies would strengthen 
the causal attributions between the variables. Limited questionnaire items exist 
which measure influences on snacking frequency, therefore the creation of a 
novel item designed to measure specific influences on snacking in young adults 
was created. This can be seen as a limitation as direct comparison between 
existing literature is difficult. The test-retest analysis provides rational for the use 
of this measure in the future. Finally, this study did not determine the correlates 
of ‘healthy’ versus ‘unhealthy’ snack foods. Future research focusing on the 
correlates of specific types of snacking behaviours would provide further evidence 
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for public health interventions aimed at increasing the nutritional quality of young 
adult snack choices.  
 
Implications for future research 
As mentioned in Chapter Five, much of the previous research conducted in 
young adults has focused on young adult samples which are entirely or mainly 
composed of females. Although the current study was designed to recruit a 
sample with an even sex distribution, this was not achieved. The recruitment and 
examination of an evenly sex distributed sample would inform more targeted 
relevant public health messages.   
Results from this analysis suggest more research is required to fully 
understand the correlates of snacking frequency. Further analysis exploring 
distracted eating and the effects of mindfulness during meal time or periods of 
hunger would provide further understanding of young adults’ snacking frequency 
patterns. Moreover, further examination of nutritional knowledge and how this 
impacts snacking frequency is also required. Finally, further research focused on 
young adults born outside of Australia and their snacking habits and influences is 
warranted. Recent literature has reported the associations between feelings of 
loneliness or stress and the consumption of energy-dense snack foods (206, 527, 
528). However little research has explored the link between potential loneliness 
and / or stress of living in another country and the effect this has on eating 
patterns such as snacking.  
Future research should explore correlates of both unhealthy and healthy 
snacking behaviours. Previous evidence has suggested that it may be the type of 
snack or energy density of the snack that is an important factor in the relationship 
between snacking and chronic disease risk factors (43). By understanding the 
correlates of unhealthy snacking future interventions targeted at the reduction of 
unhealthy snacking can be conducted. Additionally, thorough definitions and 
measurement of snacking across the literature would allow for more comparable 
and transparent research, including between different age groups and 
nationalities.  
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6.6 Conclusion 
In the current study, young adults who were born in Australia had a lower 
snacking frequency compared to those who were born outside of Australia. Those 
who had greater nutrition knowledge were more likely to snack more often and 
those who spent majority of their snacking eating occasions participating in 
screen-based activities also snacked more during the day. This is the first study to 
measure snacking frequency via a real time recording method, using multiple days 
of dietary data. The correlates identified within this study are mostly modifiable 
(nutrition knowledge and snacking while participating in screen-based activities) 
and may be targeted in interventions and public health messages aimed at 
reducing snacking frequency in young adults. More research is needed to further 
identify the correlates of the consumption of “healthy” and “unhealthy” snack 
foods. 
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Chapter 7: General discussion  
 
This chapter summaries thesis findings, whilst discussing the implications 
of the results for public health. This is followed by a discussion of the 
strengths and limitations of the work, concluding with recommendations for 
future research.  
 
7.1  Overview of the findings 
This thesis makes a unique contribution to the body of knowledge relating 
to the correlates associated with meal skipping and snacking eating patterns 
of young adults. As previously discussed (Chapter Two), the highest rates of 
both eating patterns (meal skipping (20, 103, 108, 110) and snacking (84, 
171)) have been reported in young adults, with both eating patterns 
contributing to the poor food intakes, diet quality and health status of this age 
group (26, 27, 88, 108, 138-141). This thesis details the development of four 
studies covering the measurement and analysis of correlates associated with 
meal skipping and snacking in young adults. The review in Chapter Two 
provided an overview of the existing research gaps and limitations, and 
highlighted the lack of current literature about the correlates of meal skipping 
and snacking in young adult populations. The review also described the 
current limitations of commonly used dietary assessment methodologies 
while proposing Smartphones as a suitable, convenient platform for a dietary 
assessment method capable of data collection in real-time.  
Results presented in Chapter Three outlined the development and 
evaluation of a novel dietary assessment method capable of measuring food 
and nutrient intake, eating patterns and/or eating occasions and contextual 
information related to each eating occasion. Results showed that FoodNow 
captured a mean EEI that was strongly correlated to the MEE measured by the 
SWA in young adults aged 18-30 years. However, wide limits of agreement 
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seen in the Bland-Altman plot suggest that this method may be more suitable 
for dietary assessment at a group level rather than individual level.  
Results presented in Chapter Three are comparable to previous validation 
studies of novel Smartphone dietary assessment methods. Studies by Carter 
et al. (270) and Rangan et al. (271) both found high agreement between their 
respective dietary assessment Smartphone applications (MMM and e-DIA), 
and the reference method used (24-hour recall). The study reported in 
Chapter Three of this thesis is the first of its kind to evaluate a dietary 
assessment Smartphone app in reference to the SWA. The SWA is a wearable 
light weight device capable of measuring a range of variables including MEE, 
and has been validated within numerous populations, health conditions and 
exercise intensities (318-321). This method was chosen as a reference method 
due to its objectivity, decreased participant burden, and high compliance rate 
when compared to previously used reference methods (24-hour recall) (308). 
The FoodNow app evaluated in Chapter Three is unique compared to other 
existing dietary assessment methods in its ability to measure the contextual 
information of eating occasions.  
Chapter Four detailed a qualitative examination of young adults’ self-
perceived influences on meal skipping and snacking eating patterns. Meal 
skipping was reported by 86% of the participants while all participants 
reported snacking daily. Breakfast was reported as the most commonly 
skipped meal. This was attributed to factors such as a self-reported lack of 
time and day of the week effects, with participants less likely to consume 
breakfast on weekends. Daily snacking was attributed to the availability of 
food, hunger and the social influence of friends.  
Comparisons between the results reported in Chapter Four and the 
existing literature are difficult due to the limited number of qualitative studies 
focusing on community-dwelling young adults. Previous studies have targeted 
university or college students with many studies failing to report the mean age 
of participants or the percentage of mature age students. Much of the 
previous literature has focused on the weight management techniques 
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reported by a specific sex (396-401), meaning direct comparisons between 
studies are not always possible. This study is the first of its kind to target both 
male and female young adults aged 18-30 years residing in a range of living 
environments, focused on the self-perceived influences on the eating patterns 
meal skipping and snacking.  
The final studies (Chapters Five and Six) provided quantitative 
examinations of the correlates of meal skipping and snacking in young adults 
aged 18-30 years. This study utilised the Smartphone app (FoodNow) 
designed and evaluated in Chapter Three, along with an online questionnaire 
informed by results of the qualitative interviews in Chapter Four.  
Chapter Five reported a quantitative analysis of the correlates of meal 
skipping in young adults. Participants were classified as meal skippers (any 
meal) as well as specific meal skippers (e.g. breakfast skipper). These 
classifications were used to explore the correlates of specific meal skipping 
behaviours. (Of the sample (n=494), there were 40 meal skippers (any meal), 
67 breakfast skippers, 54 lunch skippers, 43 dinner skippers, and 367 non-
meal skippers.) Meal skipping (any meal) was associated with education 
status, weight control, self-efficacy and relationship status. Breakfast skipping 
was associated with habit, while lunch skipping was associated with education 
status and time. Dinner skipping was associated with weight control. The 
results presented in Chapter Five contribute to the present literature by 
identifying correlates of skipping specific meals as well as total meal skipping 
across the day, which is unique in comparison to the previous literature. 
The correlates of snacking frequency (number of snacks consumed per 
day) were reported in Chapter Six. Results suggest that young adults who 
were born in Australia had a lower snacking frequency compared to those 
who were born outside of Australia. Those who had a higher general nutrition 
knowledge score had a higher snacking frequency, and those who spent 
majority of their snacking eating occasions participating in screen-based 
activities also had a higher daily snacking frequency.  
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Results presented in Chapters Five and Six are the first studies to measure 
eating patterns via this novel, real-time dietary assessment method, using 
multiple days of dietary data. Due to the novel method of data collection 
results are unable to be directly compared to previously conducted research 
examining correlates of meal skipping and snacking in young adults.  
This thesis significantly contributes to the body of literature surrounding 
young adult eating patterns. Many of the correlates identified within this 
thesis are modifiable (nutrition knowledge, distracted eating, perceptions of 
time, weight control and hunger, participation in screen-based activities) and 
may be targeted in interventions and public health messages aimed at 
reducing meal skipping and snacking frequency among young adult 
populations.  
 
7.2 Key findings and their public health implications 
The research presented in this thesis has identified a range of correlates 
that are associated with meal skipping and snacking eating patterns of young 
adults. These correlates could be targeted within interventions and public 
health messages designed to improve meal skipping and snacking rates in this 
population. The following sections discuss the young adult population and 
why some of these correlates might be influential to this age group. Time 
scarcity was the most frequently reported correlate and therefore will be 
discussed in detail. In conclusion, this section addresses the relationship 
between meal skipping and snacking and how results differ between studies.   
 
7.2.1 Young adulthood – a transitional life stage 
Many correlates reported to be associated with meal skipping and 
snacking eating patterns can be attributed to the transitional phase of young 
adulthood (4, 73, 529). During this period individuals move into new adult 
roles and responsibilities, for example, commence further education, enter 
the workforce, move away from home or start a family (49, 51). These 
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transitions require increased responsibility for one’s actions both financially 
and legally. A longitudinal study of young adult’s brain maturation reported 
that a young adult’s brain is not fully mature until around 25 years of age 
(530). The majority of the significant changes after puberty occur in the 
prefrontal cortex, a part of brain that affects how a person controls impulses, 
and develops long-term strategies and behaviours (531). The continued 
development of the brain and how this affects the individual’s ability to form 
behaviours such as eating patterns may explain some of the associations seen 
in this thesis.  
Many of the associations between eating patterns and correlates can be 
linked to the individual’s sense of future and forward planning. The availability 
of food items within the home was reported to be influential to both meal 
skipping and snacking in Chapter Four. Without forward planning and a sense 
of future, individuals may be less likely to undertake food shopping activities 
prior to items running out or expiring, thus impacting meal skipping and 
snacking frequency. Meal planning and the writing of shopping lists may 
increase the availability of food items within the home, yet requires 
individuals to value and prioritise these activities (532).  
A sense of future and habit are closely related, with habit formation 
requiring an extended period of time (533). Breaking or adapting habits 
require an individual to have a sense of future to comprehend how the habit 
will impact future outcomes (533). Breakfast skipping was associated with 
habit (Chapter Five), whilst also reported within the interviews conducted in 
Chapter Four. Previous literature reports habit to be strongest in the morning, 
due to limited cognitive resources earlier in the day (497). Interventions aimed 
at influencing breakfast skipping habits should focus on creating an 
environment in which limited cognitive resource are needed (e.g. cereal and 
bowl already on bench), whilst educating participations on the future benefits 
of eating breakfast (e.g. better academic performance) (123). 
During young adulthood individuals develop their own identity and self-
perceptions (534). Self-perception is related to body image, with literature 
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reporting the influence of body image on behaviour to be high among young 
adults (535). Self-perception and body image are directly related to weight 
control, with those who view themselves to be overweight (regardless of 
actual weight status) more likely to attempt weight control (535). Weight 
control was reported to be associated with both meal skipping (any meal) and 
dinner skipping in this thesis. The maturation of the young adult’s brain in 
addition to the development of self-identity and body image, may explain why 
these correlates are associated with young adults eating patterns.  
The way an individual views themselves is also associated with self-
efficacy; an individual’s beliefs in their own abilities to influence events that 
affect their lives (490). Results from this thesis showed self-efficacy to be 
associated with lunch skipping behaviours. Previous research exploring the 
effect of self-efficacy on eating behaviours has reported a high self-efficacy to 
be associated with increased consumption of fruit and vegetables (536, 537), 
and decreased consumption of energy dense foods (538). However, less 
research has focused on the association between self-efficacy and eating 
behaviours such as meal skipping and snacking frequency. The results 
presented in this thesis are some of the first of their kind to assess the 
relationship between self-efficacy and meal skipping and snacking frequency.  
The findings of this thesis are consistent with previous research suggesting 
that young adults experience influences that are potentially unique to this 
developmental phase of the lifespan. Future interventions targeted at 
reducing meal skipping and snacking frequency in this age group should 
acknowledge this population as one of transition and self-development. These 
interventions should reference correlates found to be associated with meal 
skipping and snacking reported in this thesis. For example, weight control was 
found to be associated with both meal skipping (any meal) and dinner 
skipping. Future interventions focused on reducing meal skipping should aim 
to include practical information and activities designed at informing and 
educating individuals on other ways they can feel more in control of their 
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weight. These may include healthy recipes, access to group fitness classes or 
practical cooking skills (539).    
 
7.2.2 Time scarcity 
Health is commonly reported to be influenced by an individual’s 
perception of a lack of time (540). Time scarcity or a lack of time refers to the 
perception or feelings of not having enough time to do all that they want or 
need to do in a specific time frame (428). A recent study reported that one in 
five Australian adults do not have enough time to look after their own health 
(540). These results are echoed in studies of eating patterns, with multiple 
studies documenting the impact of time or the lack of time has on healthy 
eating patterns (62, 85, 399, 401, 432, 540-542). Young adults are not 
immune to a perceived lack of time with the literature frequently reporting 
time as a factor impacting eating patterns of this age group (62, 85, 157, 542).  
The results presented of both qualitative and quantitative investigations in 
this thesis document time scarcity as a correlate of meal skipping. The lack of 
time was frequently reported to influence breakfast skipping in the qualitative 
interviews conducted in Chapter Four. Time management was reported to be 
particularly important for this young adult sample with many participants 
reporting busy and demanding lifestyles. Because of these competing 
demands, meal consumption may not always be the highest of priorities, with 
many young adults prepared to prioritise other activities such as sleep or work 
commitments over regular meal consumption. Quantitative analysis in 
Chapter Five documented those who rated time as a barrier were 17% more 
likely to be a lunch skipper.  
The findings relating to time reported in this thesis are consistent with 
previous research, and have the potential to influence the design of current 
public health strategies or interventions. As time is a temporal structure, the 
perception of time is likely to change as people’s priorities develop and shift 
(429). Future public health interventions need to target young people’s 
perceptions of time, by educating them on how to manage time efficiently 
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and to prioritise healthy eating over activities such as watching TV for 
extended periods of time over meal times. Practical suggestions include 
preparing a packed lunch the night before a busy work day or choosing 
breakfast items that require limited preparation such as milk/yoghurt and 
cereal. Simple changes to an individual’s perception of time management and 
prioritisation could have important outcomes for future meal consumption in 
this age group.  
The notion of time or the lack of time is largely absent from conceptual 
models or frameworks used to understand and explain the dynamics of 
behaviour (63, 150, 151, 153). As identified within Chapters Two, Four, Five & 
Six of this thesis, self-perceived time or the prioritization of time is a crucial 
element in an individual’s behaviours and has direct impacts on meal skipping 
and snacking eating behaviours. Recent literature is beginning to acknowledge 
the perception of time as an important correlate of behaviour (496), yet more 
consistent and reliable methods for measuring the perception of time or the 
lack of time and the inclusion of time into conceptual models is needed to 
comprehensively understand how time affects eating behaviours.  
 
7.2.3 Relationship between meal skipping and snacking  
The relationship between meal skipping and snacking/eating frequency is 
inter-twined (44). Previous research has reported an association between 
meal skipping and snacking eating behaviours, with adolescents who reported 
snacking on the run, on the way to and from school, all day long or in the 
middle of the night more likely to skip meals (228).  
Results presented within Chapter Four, the qualitative analysis of eating 
patterns of young adults, documents the relationship between meal skipping 
and snacking. Participants reported that the omission of a breakfast or lunch 
meal resulted in increased snacking and bigger portion sizes of the following 
meals throughout the day. Similar to previous quantitative literature, the 
quantitative analysis in Chapters Five and Six did not find any associations 
between the two eating patterns. Currently, this relationship seems to be 
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poorly identified quantitatively with much of the previous literature on this 
relationship being qualitative in nature.  
It is important to understand the relationship between the two eating 
behaviours in order to prevent chronic disease risk factors such as obesity. 
Those that skip breakfast have been reported to make unhealthier food 
choices following the omission of this meal (Chapter Four). These choices 
might be a result of hunger from missing a meal, and opting for energy-dense, 
readily available snack foods (101). Bigger portion sizes have also been 
reported following missing a meal (101). Future research should further 
examine the association between meal skipping and snacking.  
 
7.2.3 Public health implications 
The research presented in this thesis has identified a range of correlates 
that are reported to be associated with meal skipping and snacking eating 
behaviours of young adults. The results of this work have implications in 
relation to the design of future public health messages aimed at improving 
meal skipping and snacking rates. This research has identified correlates 
associated with specific meal skipping behaviours and snacking frequency that 
can be implemented into interventions focused on eating behaviours of young 
adults. In addition, the findings highlight that specific meal skipping 
behaviours are associated with varying correlates, and therefore should be 
treated differently. In conclusion, the relationship between meal skipping and 
snacking behaviours is poorly understood and requires further examination 
via both qualitative and quantitative methods.  
 
7.3 Strengths and limitations  
The studies reported in this thesis have several strengths and limitations 
and the results and conclusions should be interpreted in light of these.  
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7.3.1 Strengths  
A major strength of this thesis is the use of an evaluated (Chapter Three) 
real-time dietary assessment method, purposely-designed to measure eating 
patterns such as meal skipping and snacking and their contextual information 
(e.g. activity whilst eating). As discussed previously, contextual information of 
individual eating occasions is not typically captured in currently used methods 
of dietary assessment and is therefore a strength of this thesis. The FoodNow 
app collected dietary data over four non-consecutive days (including three 
weekdays and one weekend day). This data collection period controlled for 
day-to-day variation and occasionally consumed foods (5), and is seen as a 
strength compared to previous studies which reported food intake on 
consecutive days (5-7 days) (270, 271) placing increased burden on 
participants and increasing reporting error (5, 333, 387). 
The measurement of MEE objectively measured using the SWA is also a 
strength of this thesis. Energy expenditure measured by the SWA has low 
participant burden, no recall bias, high compliance rates, and has been shown 
to be highly accurate when compared to DLW (318, 322). Previously reported 
limitation of the SWA are not applicable to this analysis  as our sample was 
non-athletic and the aim was not centred around the device’s ability to 
accurately capture intermitted changes in EE during physical activity and rest 
bouts which has previously been found to be inaccurate in an athletic 
population (327).  
The process evaluation of the FoodNow app (pilot study in Chapter Three) 
can be seen as a further strength of this work. By including a process 
evaluation pilot study, FoodNow was pre-tested and improved prior to the 
larger evaluation study. The results from the process evaluation were 
influential to the final format of the FoodNow app. 
In addition, the FoodNow app was designed to be downloaded onto the 
participants’ own phones from either the Android or iPhone platforms. This is 
a strength compared to previous studies where the participants were required 
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to use a provided study device. Participants within these studies reported that 
carrying these study devices was burdensome (257, 258).  
The evaluation conducted on the FoodNow app was conducted on two 
sample sizes. One sample size included all participant with full data (n=77) and 
the other only analysed those who were deemed “adequate energy reporters” 
via the Huang method (n=56). Both analyses found the FoodNow app to have 
good agreement with MEE as measured via the SWA. Whilst it is important to 
acknowledge that under and over reporting of energy intake is problematic 
within nutrition research studies this thesis found no significant differences 
between the characteristics of these varying reporting types. Future research 
is required to evaluate the FoodNow app in varying populations to evaluate its 
ability to accurately measure EEI.  
This thesis included a wide range of potential correlates identified through 
the use of a social-ecological framework. This can be seen as a strength as 
much of the previous literature has focused primarily on potential influences 
from a single domain of a conceptual model (e.g. living situation [physical-
environment domain]) (215). Questionnaires which contain measures focused 
only on specific correlates prevents the identification of novel or unexpected 
correlates (543). The online questionnaire was purposed-designed to cover a 
range of correlates, and used predominately established measures with 
known reliability. 
Previous literature documents the varying approaches used to define and 
classify  eating occasions as meals or snacks (38). Throughout this thesis, meal 
skipping and snacking frequency have been clearly defined, with definitions 
based on previous literature. This approach provides clarity and offers a 
method that is able to be reproduced by subsequent research studies.  
The use of a multiple research methodologies to explore correlates of 
meal skipping and snacking behaviours in young adults, including qualitative 
research, was another strength of this thesis. The results of the qualitative 
research provided a comprehensive understanding of young adults’ self-
perceived influences on, and factors associated with eating behaviours, which 
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may not have been elicited from quantitative research (544). For example, 
qualitative data on how young adults’ eating patterns were influenced by the 
weather impacted on the design of the quantitative questionnaire used in 
subsequent studies.  
Another strength of this thesis is the use of online study delivery methods 
in Chapters Five and Six. The online platform decreased researcher and 
participant burden associated with administration, travel time and data entry 
(505). This delivery method was particularly relevant for this age group; with 
young Australian adults aged 18-24 years reported to spend up to 16 hours 
per week on the internet, compared to 8 hours per week for those ≥ 35 years 
(545).  
Finally, the originality of all reported studies can be seen as a strength of 
this thesis. All reported studies are the first of their kind to measure these 
specific outcomes in a young adult population using these particular methods. 
For example, the qualitative study (Chapter Four) is the first of its kind to 
explore the self-perceived influences on snacking and meal skipping 
behaviours in both male and female young adults from a community setting. 
Previous research has focused on fast food consumption, (452) fruit and 
vegetable consumption (453) or has focused specifically on university or 
college populations (202). 
 
7.3.2 Limitations  
A limitation of this thesis includes the lack of generalisability of the results 
presented in Chapters Five and Six. The sample recruited for the MEALS study 
was predominantly female, childless, with a large proportion residing in high-
SEP areas in Victoria, Australia. Due to these sample constraints, the results 
may not be generalisable to the larger population of young adults who live in 
different locations or experience different living environments such as having 
young children in the home. Residing with young children has been reported 
to have an impact on eating behaviours of parents/ primary care givers (454), 
while those residing in lower socioeconomic living environments are reported 
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to have poorer dietary behaviours compared to those in higher socioeconomic 
living environments (546). However, the rates of both meal skipping and 
snacking frequency reported within this thesis are however comparable to 
rates reported in the systematic review document in Chapter Two (157) and 
rates calculated from the Australian Health Survey 2011-12 (143), after 
consideration of the varying definition and measurement methodologies 
utilised across studies. In comparison to the differences in sex distribution of 
the MEALS study (Chapters Five and Six), the evaluation study (Chapter Three) 
reported no significant differences between ineligible reporters, UR, OR or AR 
according to age, sex, BMI, country of birth, SEIFA, highest education level or 
smoking status. It is also important to note that the final analytical samples for 
analysis in Chapters Five and Six were smaller than originally planned due to 
missing data. Given the magnitude of the found affects it can be assumed that 
these sample sizes were sufficient. Possible suggestions for reducing 
recruitment bias would be to optimize recruitment methods, with varying 
approaches needed depending on the population group of interest (547). The 
recruitment methods used for the studies conducted in this thesis provided a 
female skewed sample implying Facebook and poster recruitment methods 
are possibly not the most effective methods for recruiting male young adults. 
Perhaps stronger links with organizations that male young adults feel 
connected to for example a local football club would help boost consent rates 
in this sample. Analysis of the MEALS data (Chapters Five and Six) included an 
extensive range of possible correlates and covariates. Following adjustment 
for covariates the results of this thesis can be interpreted to be robust, 
provided young adult participants and those of the general population do not 
differ by factors that were not measured or which were measured with error. 
An example of an unmeasured potential correlate of meal skipping is 
psychological wellbeing. Yilmaz et al. (185), found meal skipping (any meal) to 
be more likely in those with depressive symptoms; Suliga et al. (181), found 
meal skipping (any meal) to be more likely in those with a self-perception of 
being overweight; Bahl et al. (162), found meal skipping (any meal) to be less 
likely in those who were mindful, and meal skipping (any meal) to be less likely 
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in those who had increased body satisfaction. However, it was not in the 
scope of this research to conduct a full psychological assessment of 
participants.  
Due to the lack of existing survey items available to measure correlates of 
meal skipping and snacking frequency this thesis included survey items with 
test-retest Kappa’s of 0.20. This may have resulted in measurement error of 
these correlates. Further work to develop comprehensive measures of 
complex constructs such as mood, hunger, weight control, habit and taste as 
specific influences over young people’s lifestyle behaviours such meal skipping 
and snacking frequency may improve our understanding of these correlates 
and how they impact on these eating patterns. 
The methods used to measure and define eating patterns throughout this 
thesis have previously been discussed as a strength of this work. They can 
however also be considered a limitation due to their stringent criteria thus 
resulting in loss of sample sizes particularly in Chapters Five and Six. As 
previously discussed there is currently no consensus on measurement and 
definitions of meals skipping within the literature (157), with these methods 
and definitions improving upon previously used methods. Improvements have 
been discussed elsewhere but include multiple days of dietary data, the 
capacity to report correlates of specific meal skipping behaviours and 
providing real time data of eating occasion consumption as opposed to 
recalled consumption. The criteria used to classify meal skipping behaviour 
provided a robust and data appropriate method for the categorization of 
specific meal skipping behaviours. Results must be interpreted in light of these 
criteria. Future research may need to consider targeted recruitment to ensure 
a range of participants varying in sex and SES position are recruited to 
decrease bias associated with the current sample.  
The cross-sectional design of the studies in this thesis (Chapters Three- Six) 
generated data from one point in time and limits inferences of causality. 
Longitudinal studies could provide more insight into temporal associations 
between correlates and eating occasions. Nonetheless, cross-sectional studies 
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were utilised because they are the best way to explore behaviour at one point 
in time and offer a relatively quick and inexpensive way to study multiple 
potential correlates (548). It is important to note that cross-sectional studies 
are often the first step before moving towards more complex study designs 
and multiple data collection periods used in longitudinal methods, and are 
relevant when previous literature is limited.  
Chapter Three provided an evaluation of a novel method of dietary 
assessment. It is acknowledged that while there were wide limits of 
agreement between EEI captured by the FoodNow and the MEE of the SWA 
the FoodNow app data contained valuable, rich, and critical information about 
eating occasions consumed by this young adult population that can be used to 
inform future public health policy and messages (549). It is also worth noting 
that all dietary assessment methods contain measurement error of some sort 
(549). As recommended by Subar et al. (549) when considering the impact of 
measurement error, EI was neither the exposure or outcome used in this 
analysis and where appropriate for the conceptual model (Chapter Six), the 
associations were adjusted for EI. Furthermore, it is noted that dietary 
measurement error may be more likely to result in associations to be 
underestimated; however, this is usually not sufficient to create false 
associations (549).  
While the evaluation study reported in Chapter Three was able to evaluate 
the ability of the FoodNow to report food and beverage intakes, other data 
collected by the app (contextual factors of eating occasions) were not able to 
be evaluated using SWA. Other Smartphone apps have also incorporated 
these types of measures but they have rarely been evaluated (389). These 
assessments require examination with alternative approaches such as direct 
observation (390) or other technology such as wearable cameras (252, 391). 
The assessment and agreement of EEI to an objective measure of MEE is the 
first step in substantiating that this method is a suitable and reliable method 
for collecting dietary intake, both nutritional and contextual.  
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7.4 Future research directions 
• This thesis has highlighted the current lack of consistency in the 
definitions and measurement of eating behaviours such as meal 
skipping and snacking. Definitions of both eating patterns vary in the 
current literature with no consistency seen between studies. These 
inconsistencies in definition and measurement limited the ability to 
compare the findings between studies. A standardised approach to 
defining and measuring eating patterns such as meal skipping and 
snacking in future research would provide clarity and allow for more 
reproducible results across studies.  
• Future research should examine the use of FoodNow in other 
population groups including older age groups and those with lower 
education and literacy levels. Current work in this domain has found 
promising results with older adults engaging in Smartphone 
application use (392), as well as those with lower education levels 
(393).  
• The FoodNow app’s ability to accurately capture the contextual 
information of eating occasions should also be addressed in future 
research. Alternative approaches to assess this may include direct 
observation (390) or other technology such as wearable cameras (252, 
391). 
• Prior to the FoodNow app being used in additional studies, minor 
amendments could be made to further refine and improve its ability to 
collect rich contextual data surrounding eating occasions. The current 
model of FoodNow did not collect GPS positional data of the 
participant. Future models would benefit from the addition of this data 
collection tool to accurately determine where the participant was 
whilst consuming their eating occasions. This would also allow for the 
analysis of geographic information system based characterisations of 
the local food environment (550).  
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• Most research examining meal skipping to date has focused solely on 
meal skipping (any meal) and has failed to separate or categorise 
specific meal skipping behaviours (157). Results from this thesis 
suggest that the correlates of specific meal skipping behaviours differ. 
Future research that examines and measures the correlates of meal 
skipping need to acknowledge that skipping of specific meals may be 
associated with variable and distinct correlates.  
• This thesis contains some of the first research examining snacking 
frequency in young adults aged 18-30 years. Future research would 
benefit from not only analysing snacking frequency but also the 
correlates associated with both healthy and unhealthy snacking 
behaviours to examine difference by snack type.  
• Many of the reported correlates were within the intrapersonal domain 
of the social-ecological framework. This highlights the need to assess 
associations between correlates outside this domain such as macro-
system influences (such as the influence of media), to further examine 
correlates of these eating patterns. Further qualitative research is 
required to understand and examine the relationship between eating 
patterns such as meal skipping and snacking and how they are 
influenced by macro-system influences. Qualitative research is the first 
step in identifying potential influences on behaviours. These self-
reported influences can then shape the design of quantitative 
measurement methodologies (551). 
• Future longitudinal studies are needed to confirm correlates identified 
within this research. Future follow-up of these participants would 
allow for tracking of these behaviours and provide more insight into 
relationships of behaviours over time.   
• In addition to longitudinal observational studies, interventions that are 
aimed at reducing meal skipping and snacking of energy-dense snacks 
are needed. The present findings suggest that interventions or pilot 
studies targeted at reducing meal skipping need to focus on specific 
meals, as the correlates of these skipping behaviours differ. These 
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studies would benefit from the inclusion of a number of modifiable 
factors that this study has reported to be associated with meal 
skipping and snacking. In particular, perceptions surrounding weight 
control, habit, time as a barrier, nutritional knowledge, self-efficacy to 
prepare foods and screen-based activities could be potential targets 
for future interventions in young adults.  
• Future studies may benefit from examining young adults from 
different regions, living environments, or groups with existing health 
conditions or cultures/religions to confirm that these groups 
experience influences similar to those reported in the current study. 
These studies would require targeted recruitment.  
• Finally, learnings from the published systematic review (Appendix 1A) 
demonstrated that future nutrition research on eating patterns needs 
stronger design and reporting strategies. The Strobe-NUT (552) 
reporting guidelines are aimed at improving the reporting of 
observational studies with a focus on diet and health and should be 
employed in future research to increase transparency and consistency 
of nutritional epidemiology studies.  
 
7.5 Conclusion 
This thesis explored the correlates of meal skipping and snacking in young 
adults, using a novel real-time dietary assessment method. The findings show 
that day of the week, education status, weight control, self-efficacy, 
relationship status, habit and time are associated with meal skipping in 
Australian young adults. While perceived hunger, availability of food, social 
influence, ethnicity, screen-based activities and nutritional knowledge were all 
associated with snacking frequency. The findings suggest public health 
messages designed to reduce meal skipping need to target specific meal 
skipping behaviours as different correlates were associated with specific meal 
skipping behaviours. The correlates associated with snacking frequency varied 
from those associated with meal skipping and thus should be acknowledged in 
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snacking specific public health messages. Additionally, this thesis has provided 
an updated method of dietary assessment for use in young adults. This tool 
can be used as a measure of EI whilst collecting additional contextual data 
surrounding eating occasions. However, further work is required to evaluate 
the use of this novel dietary assessment method in other population groups. 
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Abstract  
Background: Meal skipping rates may be highest during young adulthood, a period of 
transition and development. Although these dietary behaviours may increase future risk 
of chronic disease, limited research has investigated correlates of meal skipping in young 
adults.  
Methods: A systematic literature search was conducted to identify studies that 
investigated correlates of meal skipping behaviours in young adults (aged 18-30 years). 
EBSCO host, MEDLINE Complete, Global Health, Scopus, EMBASE, Web of Science 
and Informit platforms were searched for eligible articles. Correlates were defined as any 
factor that was either associated with meal skipping or was self-reported by the 
participant to have an influence on meal skipping. Randomised controlled trials, 
prospective cohort studies, case-control studies, nested case-control studies, cross-
sectional studies, and longitudinal studies were eligible for inclusion.   
Results: Three-hundred and thirty-one articles were identified, 141 full-text articles 
assessed for eligibility, resulting in 35 included studies. Multiple methodological and 
reporting weaknesses were apparent in the reviewed studies with 28 of the 35 studies 
scoring a negative rating in the risk of bias assessment. Meal skipping (any meal), defined 
as the skipping of any meal throughout the day, was reported in 12 studies with 
prevalence ranging between 5-83%. The remaining 25 studies identified specific meals 
and their skipping rates, with breakfast the most frequently skipped meal 14-88% 
compared to lunch 8-57% and dinner 4-57%. Lack of time was consistently reported as an 
important correlate of meal skipping, compared with correlates such as cost and weight 
control, while sex was the most commonly reported associated correlate. Breakfast 
skipping was more common among men while lunch or dinner skipping being more 
common among women.  
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Conclusions: This review is the first to examine potential correlates of meal skipping in 
young adults. Future research would benefit from stronger design and reporting 
strategies, using a standardised approach for measuring and defining meal skipping.  
 
Key words: Meal skipping, young adults, correlates, systematic review, eating 
behaviour 
 
Background 
Young adulthood, is a unique developmental phase defined as a period of multiple 
transitions and the development of independence (52, 174). During this time, individuals 
develop the skills needed to engage and practice behaviours, such as healthy eating, that 
track into later life (62, 65). Research suggests that young adults engage in poor eating 
behaviours, such as low fruit and vegetable consumption (20, 65), high consumption of 
energy-dense snack foods (43), and frequently fail to consume regular meals (328, 329).  
Meal skipping is the omission or lack of consumption of one or more of the traditional 
main meals (breakfast, lunch or dinner) throughout the day (101). The regular omission 
of meals, particularly the breakfast meal, has been associated with poorer diet quality 
(92), lower intakes of total energy, vitamins and minerals (93-95), increased risk of 
central adiposity (26, 27), markers of insulin resistance (27, 111) and cardio metabolic 
risk factors (27, 112). Estimated prevalence rates of meal skipping in the young adult 
population vary between 24-87% (106, 107), with young adults consistently reporting 
higher rates of meal skipping compared with other age groups (20). Recent data from the 
Australian Health Survey 2011/12 showed that 39% of Australian young adults (19-24 
years) reported eating breakfast less than 5 days per week, compared with 10% children 
(8-11 years) and 33% of all adults (>18 years) (20). Despite the significant health 
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implications of meal skipping and its higher prevalence among young adults, limited 
research has investigated correlates of this unhealthy eating behaviour. 
Conceptual models or frameworks are useful in understanding and explaining correlates 
of eating behaviours such as meal skipping. While there are a number of possible 
conceptual frameworks in the literature, this review will use the framework developed by 
Story et al. (63) to categorise the correlates of meal skipping. This framework combines 
ecological perspectives with social cognitive theories (SCT) resulting in a framework 
which takes into account the relationship between people and their environments seen in 
ecological models (153), and socio-environmental, personal and behavioural factors seen 
within SCT (151). This social-ecological framework (SEF) is made up of the following 
four domains: 1) Individual influences (intrapersonal); 2) Social environmental influences 
(interpersonal); 3) Physical environmental influences (community settings); 4) 
Macrosystem influences (societal) (63), and has been used effectively in eating behaviour 
research (63, 155).  Previous research investigating correlates of meal skipping in various 
populations have identified correlates from each of these domains. Individual influences 
such as smoking status (553) and infrequent physical activity (122); social environmental 
influences of family support (553); and physical environmental influences such as 
housing type have been associated with meal skipping behaviours (554).  
Given the importance of this life stage in the development of long term health behaviours 
and the high prevalence of poor eating behaviours in this population group, understanding 
the correlates of meal skipping is needed to better inform public health strategies and 
dietary interventions. However, there have been no systematic reviews to synthesise the 
evidence on correlates of meal skipping. Therefore, the aim of the present review was to 
systematically evaluate the literature on correlates of meal skipping in young adults (18-
30 years) using a SEF.   
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Methods 
Protocol  
This study followed the procedures for systematic review reporting as described by the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
recommendations (158).  
 
Search strategy 
A systematic and comprehensive search of the literature surrounding meal skipping was 
conducted in January 2016. The search was limited to human studies, published in 
English post 1979. This time frame was chosen, as the first studies describing eating 
patterns were published in early 1980’s (555, 556). Academic Search complete, CINAHL 
Complete, PsycINFO, SocINDEX, ERIC and Education Source were searched through 
EBSCO Host. MEDLINE Complete, Global Health, Scopus, EMBASE, Web of Science 
and Informit searches were conducted independently. Bibliographies of included articles 
were also reviewed (hand searched) for additional articles. Search terms were tested prior 
to the recorded search to ensure that appropriate articles were identified. The following 
search terms were used during the systematic searching of databases: (Meal skipping, 
meal frequency, meal omission (skip* OR frequen* OR omission*) N5 meal*) AND 
(Young adults, emerging adult, college students (young OR emerge*) N5 adult* (college 
OR university* OR undergraduate* OR “post-secondary*” OR postgraduate*) N5 
student*)) AND (Eating habits, feeding habits, food habits, diet habits, meal habits (diet* 
OR eat* OR meal* OR feed* OR food*) N5 habit*). 
 
Eligibility criteria 
To be included in this review each article was required to meet the following criteria:  (1) 
original research article, published in a peer-reviewed journal, with full text in English 
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language; (2) the study participants were young adults aged 18-30 years or with a mean 
age between 18-30 years, or aged 18-30 years at baseline for longitudinal studies, for 
studies that did not report a mean age, the participants needed to be referred to as 
university or college students; (3) the study participants were free from disease and were 
community-dwelling;  (4) there was a measure of meal skipping, meal omission, or meal 
frequency reported (assessed as any meal skipped throughout the day or according to 
meal type e.g. breakfast, lunch, dinner, and supper); (5) there was at least one meal 
skipping correlate reported; (6) the study design was one of the following: randomised 
controlled trial, prospective cohort study, case-control study, nested case-control study, 
cross-sectional study, longitudinal study.  
 
Articles were excluded if they met any of the following criteria: (1) studies published as 
abstracts, conference proceedings, posters or not in the English language; (2) the article 
included specific populations of young adults (e.g. athletes, institutionalised populations); 
(3) the participants’ mean age was outside the range of 18-30 years or included children 
or older adults; (4) there was no measure or report of meal skipping, meal omission, or 
meal frequency; (5) there was no correlate of meal skipping reported; (6) the study design 
was one of the following; case reports, opinion articles, reviews, narrative reviews, 
systematic reviews, meta-analyses.  
 
Study selection 
Two reviewers (FJP and KML) independently assessed titles and abstracts for eligibility. 
Any articles that did not meet eligibility criteria were excluded. Full texts of the 
remaining articles were then obtained and screened for inclusion. If consensus between 
reviewers was not reached a third reviewer (SAM) was consulted and a consensus 
approach was used. 
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Data extraction and synthesis 
Data extraction was initially conducted by one reviewer (FJP) using an electronic 
spreadsheet. Information extracted included author, year, country, design, sample 
characteristics, participants’ age, how meal skipping was measured, definition of meal 
skipping; frequency of meal skipping and correlates of meal skipping. Following the 
initial data extraction the spreadsheet was verified for accuracy and consistency by a 
second reviewer (KML) with consensus reached with the help of the third reviewer 
(SAM) in cases of disagreement.   
 
Quality and risk of bias assessment 
All included studies were assessed for quality and risk of bias by two independent 
reviewers (FJP, KML) using the Academy of Nutrition and Dietetics Quality Criteria 
Checklist (159). Any discrepancies between the reviewers was resolved by discussion and 
consensus with a third reviewer (SAM).  Articles were assessed against 10 criteria and 
were assigned a positive, negative or neutral rating. As per guidelines, an article was 
deemed positive if criteria 2, 3, 6, 7 and at least one additional criterion was awarded a 
‘yes’, neutral if criteria 2, 3, 6 and 7 did not score a ‘yes’, or negative if more than six of 
the criteria were awarded a ‘no’. Each criteria was assessed as either ‘yes’ or ‘no’. 
Criteria included: (1) the study clearly stated the research question; (2) the selection of 
participants was free from bias; (3) if study groups were comparable; (4) participant 
withdrawal process was documented; (5) the use of blinding was documented; (6) 
participant compliance was measured; (7) the measurements used were valid and reliable; 
(8) appropriate statistical analysis was used; (9) biases and limitations were documented 
(10) funding or sponsorship was reported.   
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Results 
The study selection process, including reasons for excluding studies is summarised in 
Figure 1. Of the 331 articles identified, 194 articles were screened based on their title and 
abstract. Of these, 141 full-text articles were assessed for eligibility and 35 studies were 
included in the review. Study characteristics and risk of bias scores are presented in 
Table 1 and Additional file 1 respectively. Risk of bias assessment indicated four studies 
had a positive rating (low risk of bias) (172, 174, 179, 182), 28 studies had a negative 
rating (high risk of bias) (94, 98-100, 162, 164-169, 171, 173, 175-178, 180, 181, 183-
190, 557) and three studies had a neutral rating (160, 163, 170).  
 
Figure 1. Flow chart summary of articles identified in search and included in review 
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Study characteristics 
The included studies were conducted in 15 countries: seven from the United States (94, 
162, 163, 170-172, 174), five from Japan (99, 178, 179, 182, 183) five from Turkey (98, 
160, 177, 185, 189) three from Nigeria (100, 187, 188) two from Korea (164, 175), 
Ghana (166, 557) and Poland (180, 181) and one from China (173), Croatia (165), Egypt 
(167), Greece (169), India (186), Iraq (190), Saudi Arabia (168) and the United Arab 
Emirates (176).  
Of the 35 included studies, 17 consisted of primarily female participants (>50%) (94, 160, 
163, 165, 166, 169-175, 177, 184, 186, 187, 557), 10 included female participants only 
(99, 164, 167, 168, 176, 178, 179, 181, 183, 189), six consisted of primarily male 
participants (>50%) (98, 100, 162, 182, 185, 188). One study had an even distribution of 
male and female participants (180), and one study failed to report the sex distribution of 
its participants (190).   
All but one of the included studies were cross-sectional; the longitudinal study collected 
data at two times points approximately 18 months apart (172). The included studies used 
a variety of different methods to assess and define meal skipping. Dietary intake methods 
were used by six studies; four used 24 hour diet recalls (94, 98-100), one used food 
records (171), and one used a specially designed food frequency questionnaire (FFQ) 
(165). This specially designed FFQ collected information on the self-reported number of 
meals and snacks consumed daily. Meal skipping was defined as a non-reported meal 
within the respective dietary assessment method. Binary response questions were also 
used to measure meal skipping, with options “Yes/No” or “Regularly/Rarely” used by 
eight studies (163, 166, 167, 175, 185, 187, 188, 557). Question wording influenced how 
meal skipping was defined in these binary response questions. Meal skipping was 
measured numerically by seven studies (162, 172, 174, 177, 179, 180, 190), and 
categorically by 14 studies (160, 164, 168-170, 173, 176, 178, 181-184, 186, 189). These 
studies had varying response options and used varying cut points to define meal skipping. 
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Five of the 14 studies did not report how they defined meal skipping from their response 
categories (160, 169, 173, 176, 181).  
Meal skipping (any meal) was reported in 10 studies (162, 163, 172, 173, 177, 180, 181, 
186, 188, 557) and ranged from 4.8%-83.3%, while the remaining 25 studies identified 
specific meals and their skipping rates. All 25 of these studies reported breakfast skipping 
with prevalence rates of ranging from 14-88.5 %. Lunch skipping was reported by 11 
studies (98, 100, 160, 166, 168, 171, 175, 176, 183, 187, 189) with rates ranging from 8-
57%. Dinner or supper skipping was reported in 13 studies, (100, 160, 166-168, 170, 171, 
175, 176, 183, 187, 189, 190) with rates ranging from 5-47%. 
The majority of studies (28 of the 35 studies) examined correlates by examining 
associations between factors and meal skipping behaviours through Chi-square, One-way 
ANOVA, Duncan’s’ multiple range test and regression (linear and logistic) statistical 
analysis (94, 98, 99, 160-185). Another approach used to examine correlates of meal 
skipping (used in 10 studies), was the use of a ranking methodology where participants 
were asked to rank potential correlates against other meal skipping correlates (100, 163, 
166, 168, 175, 186-190).  From these ten studies, ten ranked correlates were reported. 
 
Individual influences (Intrapersonal) 
Of the 35 studies included in this review, 33 studies assessed correlates from the SEF that 
could be considered intrapersonal correlates. These included sex, age, ethnicity, body 
mass index (BMI), education, menstrual regularity, physical activity, internet use, and a 
list of cognitive influences.  
Sex 
Sex was reported as a correlate of meal skipping by 12 studies; three reported meal 
skipping (any meal) (160, 171, 180) and nine reported on specific meal skipping (94, 98, 
165, 166, 169-171, 177, 184). Two studies identified no difference in meal skipping (any 
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meal) in relation to sex (160, 171), while one study reported meal skipping (any meal) to 
be more likely in males (180). Two studies reported no significant difference in breakfast 
skipping between sexes (94, 169), three reported breakfast skipping to be more likely in 
males (98, 177, 184), while two reported breakfast skipping to be more likely in females 
(166, 171). However, Huang et al., (1994) reported that females were more likely to skip 
breakfast in summer months, this associations was not present in winter months (171). 
Two studies reported lunch skipping (98, 165), and two dinner skipping (165, 170), both 
studies found females to be more likely to skip these meals (lunch (98, 165) and dinner 
(165, 170)) compared to males. 
Age 
Two studies reported an association between age and breakfast skipping (166, 175). 
Danquah et al. (166), reported breakfast skipping to be more likely in those aged 15-20 
years when compared to those aged 21-30 years.  While, Lee and Yoon (175) reported 
meal skipping (any meal) to be more likely in those aged 18-20 years compared to those 
aged 24-28 years.   
Ethnicity 
Ethnicity was reported to be associated with breakfast skipping in five studies (94, 166, 
170, 178, 183). Of the studies that included Caucasian participants (94, 166, 170, 183), 
three found breakfast skipping to be more likely in those who were Caucasian compared 
with other ethnicities (Japanese, Korean, African American) (166, 170, 183), and one 
found no association (94). Another study found breakfast skipping and meal skipping 
(any meal) to be more likely in Korean young adults compared with Japanese young 
adults (178). While, lunch and dinner consumption was found to be more common in 
Japanese young adults compared to Caucasian and Korean young adults (183). 
Body Mass Index (BMI) 
Five studies reported that BMI was associated with meal skipping (164, 165, 176, 180, 
557). Meal skipping (any meal) was reported in four studies, two found no association 
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between BMI and meal skipping (any meal) (164, 176), one reported meal skipping (any 
meal) to be more likely in those with an increased BMI (557), while Suliburska (180) 
found meal skipping (any meal) less likely in those with an increased BMI. Breakfast 
skipping was reported by one study and was more likely with those with an increased 
BMI (165).  
Education 
Three studies examined education and its association with meal skipping behaviours. 
Eldisoky (2003), reported maternal education status and its relationship with breakfast 
skipping (168), although this was not significant. Kapinos & Yakusheva reported those in 
second year university were more likely to report meal skipping (any meal) compared to 
those in first year university (172). While, Danquah et al. (2010), reported those in 
science courses were more likely to report breakfast skipping compared to students 
enrolled in humanities courses (166). 
Menstrual regularity  
Eittah, (167) found breakfast skipping to be more likely in those with an irregular 
menstrual cycle compared to those with a regular menstrual cycle.  
Physical activity 
Colić Barić et al.(165), found breakfast consumption (6 or 7 times per week) was more 
likely in those who spent ≥ 3.5 hours exercising per week when compared to those who 
did 2.6 hours per week.  
Internet Use 
One article reported meal skipping (any meal) to be more common in those who used the 
internet heavily (>4hr/day) (173).  
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Cognitive influences 
Fatigue 
Two studies examined the association between fatigue and meal skipping (179, 182). 
Tanaka et al., (2008) found breakfast skipping to be more likely in those experiencing 
fatigue, while Sato-Mito et al. (2011) found meal skipping (any meal) to be more likely in 
those who’s mid-point in sleep was later (falling asleep after 1.30 AM and the mid-point 
of sleep falling at 5.31 ± 0.55 AM) (179). 
 
Psychological wellbeing 
Three studies documented associations between psychological factors and meal skipping 
(any meal). Yilmaz et al., (2014) found meal skipping (any meal) to be more likely in 
those with depressive symptoms; Suliga et al., (2012), found meal skipping (any meal) to 
be more likely in those with a self-perception of being overweight; Bahl et al., (2013) 
found meal skipping (any meal) to be less likely in those who were mindful, and meal 
skipping (any meal) to be less likely in those who had increased body satisfaction.  
Time 
Time or the lack of time was mentioned in 10 studies and when considered against other 
correlates, time was ranked as the strongest perceived correlate of meal skipping in nine 
of the 10 studies (100, 163, 168, 175, 186-190). 
Hunger 
A lack of hunger was reported in four studies and ranged in importance from being the 
strongest correlate of meal skipping to the 3rd strongest perceived correlate (166, 168, 
175, 188).  
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Weight control 
Weight control was discussed in four studies and ranged from being the strongest 
perceived correlate of dinner consumption to the 3rd strongest perceived correlate of meal 
skipping (any meal) (100, 166, 168, 187).  
Money 
Money or the lack of money, was reported in three studies and was ranked as either 3rd or 
4th strongest perceived correlate of meal skipping (any meal) (100, 187, 188).  
Habit 
Dietary habit was reported in two studies, one study ranked habit as the 2nd strongest 
perceived correlate of breakfast skipping and the other ranked it as the 4th strongest 
perceived correlate of meal skipping (any meal) (175, 186).  
Religion 
Fasting/religion was reported in two studies, where it was ranked as being either the 3rd or 
4th strongest perceived correlate of meal skipping (any meal) (100, 187).   
Taste 
Taste was reported as being a correlate of meal skipping (any meal), with one study 
ranking it as its 2nd strongest perceived correlate (186).  
Cooking skills 
Lack of cooking skills was reported by one study as 3rd strongest perceived correlate of 
meal skipping (any meal) (188).  
 
Social environmental influences (Interpersonal) 
Of the 35 studies included in this review, only one study assessed a correlate that could 
be considered to be part of the social environmental domain. The variable examined was 
the notion of “being sociable”. It appears to assess participants’ preference for prioritising 
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social activities over eating, and participants ranked it as the third strongest perceived 
correlate of meal skipping (any meal) (186). 
 
Physical environment influences 
Of the 35 studies included in this review, six studies assessed correlates that could be 
considered physical environmental correlates. These included rural/urban living 
environments and housing type. 
Rural/urban living environment 
Meal skipping (any meal) was more likely in those who resided in a rural area compared 
to those who lived in an urban area (180).  
Housing type 
Five studies focused on specific living environments such as housing types. Kapinos & 
Yakusheva (172), reported meal skipping (any meal) to be more likely in those living in 
university/college dormitories. Similarly, Beerman et al. (163), reported meal skipping 
(any meal) to be more likely in those residing with parents or in university dormitories 
when compared to those living in Greek university housing (fraternity or sorority 
housing). Individual meal skipping events were reported in three articles (99, 170, 
174).Two articles reported breakfast skipping to be more likely in those who lived away 
from home (99, 170), while one found breakfast skipping to be more likely in those living 
by one’s self or with parents compared with living on campus (174). This same article 
reported the same association for dinner skipping (174). 
Overview 
In conclusion, majority of included studies (n=33) examined correlates found within the 
intra-personal domain of the SEF, one study examined a perceived correlate from the 
interpersonal domain, with six studies examining correlates from the physical 
environment domain.  
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Discussion 
Main findings 
To our knowledge, this is the first systematic review to investigate correlates of meal 
skipping in young adults. This review identified that the prevalence of meal skipping 
among young adults ranged between 5-83%. The breakfast meal was the most frequently 
skipped meal in comparison to the lunch or dinner meal, with rates ranging from 14-
88.5%.  The perception of time or lack of time was consistently reported as an important 
correlate of this behaviour, with nine of ten studies rating time as the biggest correlate of 
meal skipping. Sex was the most commonly reported associated correlate of meal 
skipping: breakfast skipping was more common among men and lunch or dinner skipping 
being more common among women. However, the studies were difficult to compare 
because of inconsistencies in measurement tools and definitions of meal skipping.   
Breakfast skipping 
This review identified that young adults skipped breakfast more frequently than other 
main meals. These results are consistent with studies of other age groups, with the 
breakfast meal frequently reported as the most commonly skipped main meal. A sample 
of American elderly participants reported the prevalence of breakfast skipping was 
highest (10.7%) when compared to lunch skipping (8.6%) and dinner skipping (5.8%) 
(110), with similar results seen in children and adolescent populations (228, 558). Meal 
skipping was assessed in a sample of college students with the breakfast meal 
never/rarely consumed by nearly half of participants (44.2%), compared with lunch 
(3.5%) and dinner (2.3%) (559). This highlights that different age groups experience meal 
skipping at different rates and that different meals are skipped at different proportions 
within each age bracket. It is however important to note that within the literature the 
breakfast meal is more frequently examined than either the lunch or dinner meals.  
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Perception of time  
The influence of time or the perceived lack of time was reported within all ten of the 
studies that assessed ranked correlates. Nine of the 10 studies reported time as the biggest 
perceived influence on meal skipping when ranked against other important correlates of 
young adult meal skipping. The young adult age period is characterised by transition, 
including moving out of the family home, commencement of further education and/or 
starting a career (52). These competing demands require young adults to learn a range of 
skills, including prioritising tasks and coping with these new environments (62). These 
findings are confirmed by previous literature, with time scarcity being recognised as 
having a negative impact on a range of eating behaviours (496). Deliens et al. (202) 
reported the impact of time scarcity on university students, with results suggesting 
students preferred to spend time on activities other than cooking, and highlighted the 
importance of short meal preparation times. Similar results are seen within adolescent 
populations, with 52% indicating that a lack of time in the morning was the main reason 
for skipping breakfast (560). Therefore, perceived lack of time, may be a result of varied 
prioritisation with healthy eating behaviours poorly prioritised (202). 
The notion of time is a temporal structure, self-reported by individuals and can have 
multiple interpretations and ramifications (429). Psychologists’ such as Zimbardo have 
defined an individual’s time perspective as one of the most powerful influences on human 
behaviour (430). However, none of the included articles provided a definition of time, 
which limited the ability of the present review to identify how time may have influenced 
meal skipping. For example, “time” may have been attributed to food shopping, 
preparation, cooking time or eating time and may have been interpreted differently by 
individuals. Given that the perception of time is underpinned by person-specific 
psychological constructs, the methodological approaches in the included studies were not 
detailed enough to provide a conclusive association with meal skipping. As the 
examination of time as a major barrier to health behaviours is complex, it requires 
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stronger definitions and measurement tools before it is able to provide comparable and 
valid results. Further research is needed to examine, and develop an understanding of 
trade-offs and prioritisation of lifestyle factors seen between individuals. 
 
Sex and meal skipping 
This review identified that meal skipping (any meal) and breakfast skipping were more 
likely in males, while lunch and dinner skipping were more likely in females. These 
associations are unlike those seen in other age groups, with adolescent studies reporting 
breakfast (122, 228, 328, 560) and lunch (228) skipping more likely in females. The 
results seen within this review however, are consistent with other research in this age 
group, with results in undergraduates student samples (not eligible for this review) 
finding no association between sex and breakfast skipping (561), and females more likely 
to skip dinner (562).  
Results across included studies varied, with many studies samples dominated by a single 
sex. Direct comparisons between sexes become limited when sample sizes are heavily 
skewed towards one particular sub group. Previous literature looking at the difference 
between sexes and eating behaviours reports significant differences in food choices 
between sexes; females generally have higher intakes of fruit and vegetables, higher 
intakes of dietary fibre and lower intakes of fat (563). Females are also however highly 
motivated by weight control and are more likely to diet or restrain their eating behaviour 
(563). What is currently unknown however, is the driver behind the apparent differences 
in meal skipping between sexes and certain meals during young adulthood.   
 
Strengths and limitations 
The present review has several strengths. It is the first attempt to bring together the 
literature on meal skipping correlates and employed a rigorous search strategy whilst 
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adhering to the PRISMA protocol (158). In addition, the use the Academy of Nutrition 
and Dietetics Quality Criteria Checklist by two independent reviewers to assess risk of 
bias (159), and the use of an established framework for reporting eating behaviour 
correlates (63), are regarded as strengths of this review. 
An important limitation of this review is the lack of consistency in the terminology and 
definition of meal skipping and the measurement of these behaviours. Definitions of meal 
skipping varied; consuming three meals on <2 days/ week, failing to report a meal in a 
food diary, to answering yes to “Do you skip meals?” This limitation is paralleled in the 
study of breakfast consumption (123), and meal patterns in general (38) . In addition, 
meal skipping was captured via differing methodologies, including food diaries, 24-hour 
recalls, surveys and FFQ’s (which included a specially designed item to assess the daily 
consumption of meals and snacks). Each of these methods has its own strengths and 
weaknesses and are aimed at capturing dietary intake rather than the omission of eating 
occasions (222). Questions designed to evaluate meal skipping were not consistent 
between studies, with continuous scales, binary and categorical responses utilised. These 
inconsistencies in definition and measurement limited our ability to compare the findings 
between studies. Furthermore, multiple methodological and reporting weaknesses were 
apparent in the reviewed articles. This was confirmed in our bias risk assessment, where 
28 of the 35 studies scored a negative ranking. Results of the studies were poorly 
reported, with limited use of appropriate statistical analyses.  
Another limitation of this review is the classification of young adults by age. Some 
included studies included participants outside of the 18-30 year age range, while the 
studies that reported university or college student samples failed to report the percentage 
of mature age students. Results therefore may not always be reflective of young adult 
populations.  
Moreover, given that the majority of studies were cross-sectional, studies were not able to 
infer causation and thus the direction of the relationship for influences such as menstrual 
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regulation and BMI was not clear. In addition, the generalisability of our findings may be 
limited by predominantly female populations and wide country-specific variations in 
religion, eating culture and socio-economic status. The subjectively ranked attributes of 
meal skipping provided a valuable insight into why young adults may skip meals. 
However, these results should be interpreted with caution due to the lack of clarity in the 
data collection methodology employed in these studies.  For example, studies did not 
report if questions were open-ended or categorical, which may have impacted the results. 
It was also unclear in many cases if these questions were framed in terms of meal 
skipping in general or if it was directed at a specific meal (e.g. the breakfast meal), which 
is important given that meal skipping correlates appear to vary between meals.  
Implications for future research 
This review highlighted several implications for future research. Firstly, definitions used 
to identify meal skipping are inconsistent. A standardised approach to defining meal 
skipping would provide clarity and allow for more reproducible results across studies. 
Secondly, the measurement of meal skipping in existing studies is inconsistent. With a 
high number of methods used to quantify meal skipping identified by this review, there is 
a need to standardise measurement so that more informative comparisons can be made. 
Thirdly, many of the reported correlates were within the intrapersonal domain of the SEF. 
This highlights the need to assess associations between correlates outside this domain 
such as physical environmental influences, to further examine why young adults are 
partaking in this unhealthy eating behaviour. Fourthly, this review focused only on the 
young adult population, future reviews should be conducted to understand correlates of 
meal skipping in different population groups e.g. elderly or child populations. Lastly, 
only four of the 35 studies had a positive risk of bias assessment score indicating that 
future nutrition research needs stronger design and reporting strategies. The Strobe-NUT 
(552) reporting guidelines are aimed at improving the reporting of observational studies 
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with a focus on diet and health and should be employed in future research to increase 
transparency and consistency of nutritional epidemiology studies.  
Conclusions 
This systematic review addressed a gap in the literature on the correlates of meal skipping 
in young adults. Results are consistent with previous research reporting that the breakfast 
meal is the most commonly skipped meal for this age group. This review highlights the 
perceived lack of time to be an important correlate of meal skipping. The sex of an 
individual was also reported to be an important correlate of meal skipping, with males 
more likely to skip breakfast and females more likely to skip lunch or dinner. Therefore, 
sex and meal specific components, and improvements in time management skills, may 
warrant further investigation as effective strategies for interventions targeting meal 
skipping in young adults.  
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Table 1. Characteristics of the included studies 
Reference, 
year 
Countr
y 
Design Sample 
characteristic
s, N (% 
women) 
Participant
s; age, 
years (mean 
± SD) 
How was meal 
skipping measured? 
Definition of 
meal skipping 
Frequency of meal skipping Correlates of meal skipping  
1. Afolabi et 
al. 2013 
Nigeria Cross-
sectional  
University 
students; 140 
(40% F) 
N/R Q: Do you skip 
meals? (Yes/No)  
Q: Why do you skip 
meals? 
“Yes”; Text 
 
 
53.6% M skipped meals,  
35% F skipped meals 
Reasons for skipping meals:  
-Time 48%,  
-Appetite 19%,  
-Cannot cook 13%, 
-Illness 3%,  
-Money 6% 
2.  Akarslan 
et al. 2008  
Turkey Cross-
sectional  
Young adults; 
416 (59% F) 
18-25 years; 
(23.2 ± 0.97 
years) 
Q: Frequency of B, L, 
D?  
(Almost always 
/Sometimes /Very 
seldom/ Never in a 
one year period)  
N/R 70% had regular main meals. 
Regular B 69.2%,  
Regular L 75.5%,  
Regular D 76.0%   
SEX: (0 TMS) 
3. Aryee et 
al. 2013  
Ghana Cross-
sectional 
Nurses; 220; 
(66% F) 
20-60 years; 
(67.3% 20-
30 years) 
Q: Do you meal skip?  
(Yes/No) 
"Yes" 53.6% skipped meals BMI: (+TMS) 
4. Bahl et al. 
2013  
USA Cross-
sectional  
College 
students 
(Business); 
353 (43% F) 
N/R Q: How many days 
during the last week 
(0-7) did you skip 
meals? 
Numerical Participants who had mindfulness 
training skipped meals on 1.25 days 
during the last week compared to 
1.94 days for the non-training group 
MINDFULLNESS: (- TMS) 
SATISFIED: (quality of life - 
TMS)  
5. Beerman 
et al. 1990 
USA Cross-
sectional  
College 
students 
(Nutrition); 152 
(56% F) 
74% ≤ 21 
years 
Q: Do you skip 
meals? 
(Regularly/Rarely) 
 
"Regularly"  66% of on or off campus students 
skipped meals.  
36% of those living in Greek housing 
skipped meals.  
LIVING SITUATION: (Greek 
housing -TMS) 
SEX: (0 TMS)  
Reasons for meal skipping:  
-Time 61 % 
6. Chung et 
al. 2003 
Korea Cross-
sectional  
College 
students; 180 
(100% F) 
20.41 ± 1.82 
years 
Q: What is your 
breakfast status?  
"Rarely eating” 
or "Frequently 
eating" 
74.4% skipped B BMI: (0 TMS) 
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(Rarely eating, 
Frequently eating or 
Daily eating) 
7. Coli?́? 
Bari?́?  et al. 
2003 
Croatia Cross-
sectional  
University 
students; 2075 
(53% F) 
21.7 ± 2.0 
years 
Specially designed 
FFQ 
Numerical; 
Regular B, 
defined as 
having B 6 or 
7 times per 
week  
B consumed on 3.4 days /week,  
L 6 days/week,  
D 4.7 days/week.  
32.2% F and 25.7% M consumed B 
regularly  
SEX: (F +L, +D)  
BMI: (+BS) 
EXERCISE: (3.5 h versus 2.6 h 
of exercise per week -BS) 
8.  Danquah 
et al. 2010 
Ghana Cross-
sectional  
University 
students; 150 
(75% F) 
64.6% 21-30 
years 
Q: Do you eat 
breakfast? 
(Yes/No) 
“No” 25% skipped B,  
8% skipped L,  
5% skipped D 
ETHNIC: (Caucasian -BS)  
SEX: (F +BS) 
AGE: (15-20 years -BS)  
COURSE TYPE: (Science 
students +BS)  
Reasons for skipping B:  
-No time (57%),  
-Not hungry (22%),  
-Eat late at night (5%),  
-Busy schedule (3%),  
-No reason (13%).  
Reasons for skipping L:  
-No time (50%),  
-Not hungry (25%),  
-No reason (3%),  
Reasons for skipping D:  
-No time (38%),  
-Busy schedule (12%),  
-Watching my weight (50%) 
9. Deepika 
2015 
India Cross-
sectional  
College 
students; 120 
(80% F) 
18-23 years Q: Do you A) Take all 
three meals, B) Skip 
meals with substitute 
or C) Skip meals 
without substitute?  
“B” or “C” 83.3% skipped meals Reason for skipping meals:  
-Time 40%,  
-Taste 30%,  
-Social desirable 28.3%,  
- Habit 1.7%  
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10. Eittah 
2014  
Egypt Cross-
sectional  
University 
students 
(Nursing); 300 
(100% F) 
17-22 years; 
(20.05 ± 
1.62 years) 
Q: Do you always 
neglect to eat - B, L, 
D?  
(Yes/No) 
"Yes" 72.7% skipped B,  
7.3% skipped D,  
6% skipped B and D 
MENSTRUAL REGULARITY: 
(Menstrual regularity -BS)  
11. 
Eldisoky, 
2003 
Saudi 
Arabia 
Cross-
sectional  
University 
students; 61 
(100% F) 
19-24 years  Q: Do you usually 
have B?  
(Yes/Sometimes/No) 
"Sometimes" 
or "No" 
63% skipped B,  
61% skipped L,  
31% skipped D 
MOTHERS EDUCATION 
LEVEL: (0 TMS) 
Reasons for skipping meals:  
-Hunger 48%,  
-Time 31%,  
-Weight control 21% 
12. 
Evagelou et 
al. 2014 
Greece Cross-
sectional  
University 
students 
(Nursing); 435 
(83.4% F) 
N/R Q: N/R 
(Rarely/At least 
one/Two/ 
Three/Four/Five/Six/S
even times a week)  
N/R 31% skipped B SEX: (0 BS) 
13. 
Freedman 
2010 
USA Cross-
sectional  
College 
freshman; 756 
(61% F) 
N/R Q: Frequency of meal 
intake? (Never/1-3 
times a week/4-6 
times a week/7 days 
a week) 
"Never" 24.7% skipped B,  
7% skipped D 
LIVING SITUATION: (On 
campus +BS) 
SEX: (F +DS) 
ETHINICITY: (Caucasian -BS, -
DS) 
 
14. Huang 
et al., 1994 
USA Cross-
sectional  
College 
students  
(Nutrition); 
1912 (68% F) 
M 20 years, 
F 19 years 
1 day-food record 
(weekday) 
Meal not 
reported in 
food record 
22% skipped B,  
8% skipped L,  
5% skipped D 
SEX: (0 TMS) 
15. Kapinos 
& 
Yakusheva, 
2011 
USA Longitudi
nal  
University 
students; 388 
(63% F) 
18.1 years Q: Over the past 
year, how many 
meals per day did you 
typically eat? 
Numerical  2.88 meals/day at baseline,  
2.61 meals/day one year later 
ENROLLING IN UNI: (Second 
year of uni +TMS) 
LIVING SITUATION: (M living in 
dormitories with a dining hall -
TMS)  
16. Kim et 
al., 2010 
China Cross-
sectional  
First year 
University 
students; 2427  
(63.4% F) 
18.9 years Q: Have you in the 
past month skipped 
meals? 
(Often/Occasionally/N
ever) 
N/R Skipped meals at least monthly in 
past year -16.2%, Skipped meals in 
the past week - 4.8% 
INTERNET USE: (4+hours/day 
+TMS)  
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17. Lamia 
Dhia & Ban 
Faud 2014 
Iraq Cross-
sectional  
University 
students; 350 
(Sex NR) 
N/R Q: No of meal/day?  
Q: If missed what is 
the most missed 
meal?  
Numerical; 
Text 
51.1% consumed < 3 meals/day.  
Of those who missed a meal 88.5% 
skipped B, 11.5% skipped D 
Reasons for meal skipping:  
-Time  
18. Laska et 
al. 2010 
USA Cross-
sectional  
Young adults; 
1687 (56% F) 
18-23 years; 
(20.5 years) 
Q: How often do you 
eat B, L, D during the 
past week? (Never/1–
2 d/3–4 d/5–6 d/Every 
day) 
Numerical  B consumption ranged from 2.7-3.5 
days/week,  
L 5.3-5.8,  
D 6.1-6.5.  
LIVING SITUATION: (Living with 
parents +BS, +DS) 
 
19. Lee & 
Yoon 2014 
Korea Cross-
sectional  
University 
students (Food 
and Nutrition 
50.3%); 159 
(62.3% F) 
18-28 years; 
56% 18-20 
years 
Q: Missed meal?  
Q: Reason of 
skipping meal? 
Text; Text 83.6% skipped B,  
6.9% skipped L,  
8.2% skipped D 
AGE: (18-20 years + TMS)  
Reason for skipping B:  
-Time 61%,  
-Habit 17.6%, 
-Appetite 11.9%  
20. 
Musaiger & 
Radwan 
1995 
United 
Arab 
Emirate
s 
Cross-
sectional  
University 
students; 215 
(100% F) 
18-30 years; 
(19.7 ± 1.3 
years) 
Specially designed 
questionnaire on 
meal pattern 
N/R 15.8% skipped B,  
11.2% skipped L,  
7% skipped D 
BMI: (0 TMS) 
21. Neslisah 
& Emine 
2011 
Turkey Cross-
sectional  
University 
students; 400 
(42% F) 
19-24 years; 
(21.7 ± 1.8 
years) 
1 x 24 hour diet 
record 
Meal not 
reported in 
food record 
47.7% skipped B,  
25.2% skipped L 
SEX: (M+ BS) (F+LS) 
 
22. Nicklas 
et al. 1998 
USA Cross-
sectional  
Young adults; 
504 (58% F) 
19-28 years; 
(23 years) 
1 x 24 hour diet recall B had to equal 
or exceed 
macronutrient 
value of 1 
serving of milk.  
37% skipped B ETHNICITY: (0 BS) 
SEX: (0 BS) 
23. 
Nzeagwu & 
Akagu 2011 
Nigeria Cross-
sectional  
University 
students; 342 
(63% F) 
16-25 years; 
81% 20-25 
years 
Q: What meal do you 
usually skip?  
Q: Why do you skip 
meals? 
Text; Text 27.8% skipped B,  
16.9% skipped L,  
5.6% skipped D,  
4.4% skipped B and L,  
2.3% skipped B and D,  
.5% skipped L and D 
Reasons for skipping meals:  
-Time 40.5%, 
-Fasting/religion 6.7%, 
-Weight control 10.4%, 
-Money 9.9%  
24. Ozilgen 
2011 
Turkey Cross-
sectional  
University 
students; 408 
(56% F) 
18-24 years Q: How many times a 
day do you eat B, L, 
and D? 
Numerical  
 
~80% F skipped meals ,  
~72% M skipped meals,  
~77% M skipped B,  
SEX: (M+BS) 
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 ~61% F skipped B 
25. 
Sakamaki et 
al. 2005 
Japan 
and 
Korea 
Cross-
sectional  
University 
students (141 
Korean), 124 
Japan); 265 
(100% F) 
(20 ± 1.8 
years) 
Q: Do you always 
take breakfast?  
(Daily/3-4 times per 
week/Once or twice 
per week/Rarely) 
Everything 
except “Daily” 
21% Japanese skipped B,  
64% Korean skipped B 
ETHNICITY: (Japanese –BS)   
26. Sato-
Mito et al. 
2011 
Japan Cross-
sectional  
University 
students living 
at home 
(Dietetics); 
3304 (100% F) 
18-20 years; 
(18.1 ± 0.3 
years) 
Q: During the 
previous month how 
many meals have you 
skipped?  
Numerical  B skipped 1.00 ± 1.74 times/week, L 
skipped 0.20 ± 0.73 times/week,  
D skipped 0.32 ± 1.09 times/week  
SLEEP: (Feel asleep later in the 
night +TMS)  
27. Shimbo 
et al. 2004 
Japan Cross-
sectional  
University 
Students; 71 
(100% F) 
19-23 years;   1 x 24 hour food 
duplicate portion 
samples 
Meal not 
reported in 
food record 
14% skipped B LIVING SITUATION: (Living 
away from home + BS)  
28. 
Suliburska 
etal. 2012 
Poland Cross-
sectional  
Young adults; 
600 (50% F) 
18 years Q: How many meals 
do you consumed in a 
typical day of the 
week? 
Numerical  5% of overweight ate >2 meals/day, 
9% of normal weight ate >2 
meals/day 
BMI: (Overweight –TMS)   
SEX: (F-TMS) 
LIVING SITUATION: (Rural 
+TMS) 
29. Suliga et 
al. 2012 
Poland Cross-
sectional  
University 
students; 925 
(100% F) 
N/R Q: Frequency of main 
meals (B, L, D, and 
S)? 
(Daily/2-6 times a 
week/ Rarely)  
“Rarely” 11% rarely ate B, 
8.2% rarely ate L, 
12.6% rarely ate D 
BODY WEIGHT SELF 
PERCEPTION: (+ TMS) 
30. Tanaka 
et al. 2008 
Japan Cross-
sectional  
University 
students 
(Medicine); 
127 (30.4% F) 
(20.5 ± 0.8 
years) 
Q: B consumption 
(Every day/Not every 
day/Completely 
skipping everyday) 
"Completely 
skipping 
everyday" 
15.7% skipped B FATIGUE: (+BS)  
31. 
Tominaga et 
al. 2012 
Japan, 
Korea 
and 
Austria 
Cross-
cultural  
University 
students; 276 
Japan, 103 
Korea, 127 
Austria, (100% 
F) 
Japan; (19.9 
± 1.2 years), 
Korea (21.5 
± 1.8 years), 
Austria (22.3 
± 5.2 years) 
Q: Frequency of B, L, 
D 
(Never/Occasionally/
Sometimes/Almost 
every day) 
"Never” or  
“Occasionally” 
or 
“Sometimes" 
JAPAN - 50% skipped B,  
15% skipped L,  
17% skipped D.  
KOREA - 54% skipped B,  
51% skipped L,  
46% skipped D.  
AUSTRIA - 42% skipped B,  
29% skipped L,  
ETHNICITY: (Austrian –BS), 
(Japanese –LD and DS)  
Chapter 9: Appendices 
 
260 
 
47% skipped D 
32. Ukegbu 
et al. 2015 
Nigeria Cross-
sectional  
University 
students; 200 
(47% F) 
16-25 years 2 x 24 hour recalls.  
Consecutive days 
including a weekend 
day.  
Meal not 
reported in 
food record 
41.5% skipped B,  
21.5% skipped L,  
7% skipped D 
Reason for meal skipping:  
-Time 42.5%,  
-Weight control 23.5%,  
-Fasting/religion 21.5%,  
-Money 12.5% 
33. Yahia et 
al. 2008 
Lebano
n 
Cross-
sectional  
University 
students; 220 
(56.4% F) 
(20 ± 1.9 
years) 
Q: Do you take 
breakfast? (Daily/3-4 
times per week/1-2 
per week/Rarely) 
"Rarely"  67% skipped B SEX: (M+BS)  
34. Yildiza 
et al. 2011 
Turkey Cross-
sectional  
University 
students 
(Medical); 301 
(100% F) 
18-25 years; 
(21.2 ± 1.7 
years) 
Q: Frequency of B, L, 
D? 
(Never/Occasionally/
Most of the 
days/Everyday) 
"Never” or 
“Occasionally” 
or “Most of the 
days" 
74% skipped B,  
57% skipped L,  
37% skipped D, 
69.7% were skipping at least one 
meal per day. 
Reason for meal skipping:  
-Time 46.7% 
35. Yilmaz 
et al. 2014 
Turkey Cross-
sectional  
University 
students 
(Medical ); 995 
(48% F) 
M (21.25 ± 
1.97 years); 
F (20.94 ± 
1.77) 
Q: I usually skip 
meals? 
(Yes/No) 
"Yes" 35.8% skip B,  
27.9% usually skip meals 
DEPRESSION: (+BS) 
N/R=not reported, M=males, F=females, B=breakfast, L=lunch, D=dinner, BMI=body mass index, FFQ=food frequency questionnaire, 
BS=Breakfast skipping, LS=Lunch skipping, DS=Dinner skipping, TMS=Total meal skipping, (0)= No association, (+) = Positive association, (-
) = Negative association  
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Table 2B.1 Dietary assessment methods used within the literature 
Dietary 
Assessment 
Method Positives Negatives 
Weighed food diary Records weighted portions 
of food and drink eaten at 
the time of consumption 
-Considered gold standard 
-No memory and recall 
needed 
-Provides exact portion size 
-Detailed descriptions of food 
and drink 
-Suitable for ever changing 
diet 
-Time consuming and labour intensive 
-Data input and translation is complex 
-Costly for staff and equipment 
-Participant must be numerate and literate 
-Alterations of diet to aid in recording 
-Out of home foods hard to record 
-Several days of data needed due to daily variation 
-Foods eaten rarely may be missed 
Estimated food diary Individuals record details 
of foods and drinks 
consumed at the time of 
consumption 
-No memory and recall 
needed       -Provides a good 
estimate of energy and most 
nutrients 
-Suitable for ever changing 
diet 
 
-Time consuming and labour intensive 
-Data input and translation is complex 
-Participants must be numerate and literate 
-Alterations of diet to aid in recording 
-May forget to record foods 
-Miscalculation of portion sizes 
-Daily variation in foods makes it hard to capture 
everything 
24 hour recalls Individual interviewed 
about their food and drink 
consumption regarding a 
defined time period 
typically the previous 24 
hours.  
-Low participant burden 
-Method is retrospective, no 
alterations to intake patterns 
-Literacy not required 
-Interview relatively quick 
-Web based applications 
vastly reduce admin cost 
-Not representative of habitual intake 
-Dependant on ability to recall intake accurately 
-Recall bias 
-Expensive to administer – high interviewer burden 
-Repeat 24-hour recalls increase time and cost 
Food Frequency Questionnaire Designed to assess 
habitual diet by asking 
about the frequency of 
which food items or 
groups are consumed. 
-Low participant burden 
-Habitual consumption over 
an extended period of time 
-Easy to administer and low 
cost 
-Computer-readable forms 
can be scanned into 
computers reducing data 
entry 
-Reported intake is limited to foods contained on list 
-Recall bias 
-May over report “good” foods and under report “bad” 
foods 
-High degree of literacy and numeracy needed 
- Difficult to assess portion sizes 
-Food list may not be specific for your population  
-Grouping of foods into items may make some questions 
problematic 
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Dietary checklists Prospective method – tick 
the box appropriate to 
serving that will be eaten. 
-No memory needed 
-Flexible to add or change 
checklist 
-Suitable for group level 
comparisons 
-Low participant burden 
-Participant must be numerate and literate 
-Food list must be representative of population 
-No contextual data collected 
-Dependent on prospective completion of checklist 
rather than retrospectively 
Diet history Describes usual food 
and/or nutrient intake 
over a long period of time.  
-Details of individual foods are 
obtained both frequent or 
rarely consumed 
-Energy and most nutrients 
estimated reasonably 
accurately 
 
 
-Need well trained interviews 
-Long sessions of 60-90 minutes 
-Recall bias 
-Difficult for those with erratic eating behaviours 
-May over report “good” foods and under report “bad” 
foods 
-Difficult to assess portion sizes 
-Individual food coding is needed – expensive and time 
consuming 
Observations Observation of dietary 
intake is most commonly 
undertaken as a means of 
validating a dietary 
assessment method 
-Provides an objective 
assessment 
 
-Highly intensive and expensive 
-Limited time for observation 
-Observation may alter consumption 
-Might be seen as invasive 
Duplicate diets Duplicate portion of all 
foods and drinks retained 
for analysis  
-Provides accurate nutrient 
intake data 
-Objective measure of dietary 
assessment 
-Expensive to administer – high interviewer burden 
-Unsuitable for large scale studies 
-Participant must be numerate and literate 
-Unlikely to capture habitual diet 
-Relies on participant to provide a complete duplicate 
Nutritional Biomarkers Measure status or change 
in biochemical processes, 
structures or functions 
Reflect different aspects of 
nutritional status or intake 
-Seldom direct relationship between intake and 
biomarker 
-Vary by individual characteristics genetic and 
environment 
-Some are homeostatically controlled 
-Burdensome and costly to collect and analyse 
-Biomarkers are specific to particular nutrients and thus 
none can reflect the multiple dimensions of dietary 
intake 
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Abstract 
Background: Dietary assessment methods are limited in their ability to 
adequately measure food and beverage consumption. Smartphone 
applications may provide a novel method of dietary assessment to capture 
real-time food intake and the contextual factors surrounding eating 
occasions. The aim of this study is to evaluate the capability of a 
Smartphone meal diary app (“FoodNow”) to measure food intake using a 
validated objective method for assessing energy expenditure among 
young adults.  
Methods: Participants (18-30 years) used FoodNow over four non-
consecutive days recording all eating occasions through a combination of 
written text, and/or optional images and voice recordings. A series of 
contextual questions were also completed. Participants wore the validated 
SenseWear Armband (BodyMedia Inc, USA) during the same period to 
measure free-living energy expenditure. Intra-class correlation coefficients 
(ICC) estimated the reliability of FoodNow to measure estimated energy 
intake compared to measured energy expenditure.   
Results: Ninety participants (71 female, 19 male; mean age = 24.9±4.1 
years) were recruited to use the FoodNow app to record their eating 
occasions. Thirteen were excluded as they did not meet minimum 
requirements for number of reporting days (n=3) or SenseWear Armband 
wear time (5 days of 11 hours), while 21 participants were excluded after 
being identified as mis-reporters (Huang method). Among the remaining 
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sample (n=56), reliability between estimated energy intake and measured 
energy expenditure was high (ICC, 95% CI: 0.75, 0.61-0.84).   
Conclusions: FoodNow is a suitable method for capturing estimated 
energy intake data from young adults. Despite wide levels of agreement at 
the individual level (-3709kJ to 2056kJ), at the group level, FoodNow 
appears to have potential as a dietary assessment tool. This new dietary 
assessment method will offer an alternative and novel method of dietary 
assessment which is capable of collecting both estimated energy intake 
and contextual factors surrounding eating occasions.  Information 
collected may be used to inform future public health messages or research 
interventions.  
Key words: Dietary assessment, Smartphone applications, Evaluation, 
SenseWear armband, Energy intake 
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Background 
 The development of accurate dietary assessment methods has 
been the focus of many research ventures within nutritional epidemiology 
(5). Commonly used methods for assessing food intake are food diaries, 
24-hour recalls, and food frequency questionnaires (330). Food frequency 
questionnaires have been used widely due to their low respondent burden, 
however they are unable to assess a number of important dietary 
exposures relating to eating patterns and the eating context (332). Only 
24-hour recall methods or food diaries or records can provide the 
necessary data to examine eating occasions, however 24-hour recall 
methods depend on episodic memory processes and are subject to recall 
biases (234).    
 Due to the inherent complexities in assessing what people eat, the 
field of dietary assessment has looked to technology to assist in 
measuring food intakes (333). The use of technology has aimed to 
decrease subject burden, improve reporting by reducing measurement 
error and bias, and finally decrease researcher burden by decreasing 
costs and resources associated with data collection, coding and reporting 
(250). To date, applying technology in dietary assessment has tended to 
focus on introducing improvements relating to data entry and mode of 
administration (e.g. mobile and web-based tools) (248), improvements 
relating to coding and analysing food intake (249) and augmentation of 
data collection (e.g. use of wearable devices/cameras) (250, 251). 
 The application of technology to food diaries has focused on 
adapting them for use with personal digital assistants and Smartphones 
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(263, 267, 270, 296), incorporating the use of images (with or without 
automated coding of intake) (273, 334, 335), push notifications (296), 
voice recording options (338) and geo-coding via GPS location information 
(249). These developments have the potential to reduce researcher and 
participant burden, improve data quality, increase adherence, and provide 
real-time data collection and communication, whilst reducing the need for 
manual dietary coding (243, 250, 333). Furthermore, this technology may 
reduce the total costs associated with dietary assessment and have the 
potential to increase the scope of contextual information collected about 
eating occasions (243).  
Smartphone technology, given its widespread uptake and 
pervasiveness, has provided new opportunities for nutrition research 
including dietary management, intervention tools (339, 341) and the 
assessment of dietary intake, specifically through the development of 
electronic food diaries. A range of developments in electronic food diaries 
have been implemented which vary in complexity, whether images are 
involved and whether coding is automated. For example, some electronic 
food diaries are primarily adaptations of paper-based diaries allowing 
allow text entry of food intake that require subsequent coding by trained 
staff (258, 267). Some food diaries, particularly commercially available 
apps such as Australian Calorie Counter – Easy Diet Diary (342), 
MyFitness-Pal (343), Tap and Track (344), My Diet Tracker (345), Hyperfit 
(346), Foodcam (347), MyNetDiary (348) and Im2Calories (349) are 
directly linked to food compositions database so that no coding by study 
personal is required. Other developments include the use of images to 
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augment food descriptions (273, 334) or to allow automated coding by 
volume estimation (249, 289, 296). However, more research is required to 
validate the use of Smartphone food diaries for assessing dietary intake.  
Assessing the validity of dietary assessment methods involves 
comparing the new or test method with another method, usually referred to 
as the reference method. Existing electronic food diaries have been 
evaluated using a variety of methods as the reference method including 
doubly-labelled water (DLW) (278, 294-296), 24-hour recalls (270, 271, 
351), weighed food records (262, 263, 352) and estimated food records 
(257, 353). Each method has limitations; DLW because of its high cost, 
invasiveness, specialised equipment for analysis and the need for trained 
personnel (5). 24-hour recall’s rely strongly on participant recall and 
therefore have human memory bias limitations (310), while weighed and 
estimated food records are limited due to their high participant and 
researcher burden and misreporting (312). Recently, however, the 
SenseWear Armband (SWA) has been shown to be an accurate, reliable 
and less burdensome method compared to DLW for measuring energy 
expenditure (MEE) (322, 325). The SWA is a small multi-sensor 
lightweight device worn on the upper arm, which has been validated within 
numerous populations, health conditions and exercise intensities (322, 
325).This method provides a feasible, valid tool for the assessment of 
free-living energy expenditure for validating dietary assessment methods. 
Given the importance of evaluating newly developed dietary assessment 
tools, the aim of this study is to evaluate a Smartphone meal diary app 
Chapter 9: Appendices 
 
274 
 
which measures food intake using a validated objective method for 
assessing EE among young adults.  
Methods 
Procedure 
This cross-sectional study was conducted among 90 young adults 
aged 18-30 years. Recruitment was conducted between June and 
December 2014 and restricted to participants living in the state of Victoria, 
Australia. Women currently pregnant or lactating were excluded from 
recruitment due to potential variations in their eating habits and food 
intake. Sample size was determined based on recommendations and 
previous studies of validation of dietary intakes methods (354).  
Recruitment methods included both online (Facebook, Twitter) and 
physical methods (poster advertisements, flyer distributions). Participants 
were required to attend the research clinic at Deakin University (Burwood 
campus) on two occasions. At the first visit, informed written consent was 
obtained, a self-administered questionnaire was completed, and 
anthropometric measurements were taken. During this visit, the 
participants were provided with both the FoodNow app, a fiducial marker 
card (provides scale for measurements of other objects in images), and 
the SWA (Model MF-SW, BodyMedia, Pittsburgh, USA). At the second 
visit (approximately one week after the first visit), the equipment was 
returned, body weight measured and a thank you letter containing a $25 
voucher (compensation) was given to each participant.  
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Ethical approval was received from Deakin University Human 
Ethics Advisory Group, Faculty of Health (HEAG-H) in April 2013 (Ethics 
Number HEAG-H 31_2013).  
Measures  
Eating patterns and energy intake 
The FoodNow meal diary app was developed to address an 
existing gap in the measurement of dietary behaviours and has not been 
reported on previously. The FoodNow app allowed the participants to 
record all foods and beverages consumed as an eating occasion and was 
designed to be downloaded onto the participants own phone. Both IPhone 
and Android platforms (the two largest Smartphone providers) were 
compatible with the FoodNow app. Prior to the consumption of an eating 
occasion participants were encouraged to take two images of the food 
items, one taken directly above the food item, the second from a 45º 
angle. All food and beverage items and the fiducial marker needed to 
feature in all images. The fiducial marker was a standardized business 
card provided to the participant, which gave a size reference for each 
image (256). These image-based methods were based on approaches 
used in previous studies (256, 261, 286). 
Participants then provided a text description of the foods and 
beverages in the images. The text description was mandatory for each 
eating occasion and contained information on the food items, including the 
type of food and brand name, as well as amounts of each food item. In 
addition to the text message, participants were given the opportunity to 
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provide a voice recording of any additional information of the food items or 
amount that were consumed. The collection of images and voice 
recordings were not mandatory yet highly encouraged by research staff.   
Post consumption, the participant completed a question relating to 
food wastage and took an image of any remaining food items. This was to 
account for over-reporting of food consumption (250). Push notifications 
were sent to participants if they failed to report anything in the app for a 
three hour period during waking hours (9AM-9PM), and acted as 
reminders/prompts to use FoodNow. 
For each eating occasion, the participant was prompted to complete 
questions in FoodNow relating to contextual factors of eating occasions 
(e.g. where they ate, who they ate with, what they were doing when 
eating, who prepared and purchased the food items, cooking methods and 
meal preparation time) (266). The day following a reporting day, 
participants were required to complete questions regarding sleep times, 
dietary supplement consumption, and whether the previous day reflected 
usual consumption. Prior to evaluation FoodNow was extensively pilot 
tested in-house by staff and students from the Institute for Physical Activity 
and Nutrition Research (IPAN), Deakin University (564).  
Participants were asked to record their eating occasions in 
FoodNow on four non-consecutive days (three weekdays and one 
weekend day) over a period of one week. Previous research has 
highlighted the need for both weekday and weekend collection days to 
control for day-to-day variation and occasionally consumed foods (5). Non-
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consecutive days were used to control for misreporting errors related to 
consecutive day data collection (241). Four data collection days were 
chosen as a compromise between capturing day-to-day variation and the 
practicability of participant burden (5). 
Coding of the dietary data involved matching each food/beverage 
item from the text description in the FoodNow app to an appropriate item 
based on nutrient composition and quantity, using the 2011-2013 
Australian Food and Nutrient Database (375). Images, voice recordings 
and contextual question responses (cooking method) were used to 
increase the coding accuracy by complimenting the text description of the 
food/beverage items and amounts. A fiducial marker was used as a size 
reference when assessing the images to assist with coding the amount of 
food consumed. Coding of the data was completed by three nutritionists 
who were fully trained in this coding technique. Data was checked for 
accuracy through a duplicate nutritionist review process, which involved 
double checking each food code and amount. If a consensus was not 
reached between the two coders, a dietitian was consulted and a 
consensus approach was used. Total estimated energy intake (EEI) per 
participant per day was calculated by summing the energy content of all 
food and beverage items consumed and averaged over the number of 
reporting days. Participants’ were excluded if they had less than three 
days reporting days, which has been previously reported to be sufficient 
for dietary assessment (5).  
Energy expenditure 
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Measured energy expenditure (MEE) was captured by the SWA. 
The SWA is a multi-sensor monitor (tri-axial accelerometer, heat flux, 
galvanic skin response, skin and near-body ambient temperature sensors) 
that is worn on the left upper arm over the triceps muscle and is validated 
for use within numerous populations, health conditions and exercise 
intensities (322, 325). Physiological data were sampled at 32 Hz. Each 
monitor was configured for participants using proprietary software 
(SenseWear Professional v7, BodyMedia Inc). Participants were required 
to wear the monitor for seven days excluding water-based activities. This 
period controls for day-to-day variability in exercise and MEE, (325), and 
has been validated for a period of seven days in previous studies (322). At 
the conclusion of data collection, SWA data were downloaded and 
processed in 1-minute epochs using algorithms within the proprietary 
software.  
To date, no studies have reported how many hours/day or the 
number of days that are required to reliably determine free-living total EE 
in young adults using the SWA. Wear time criteria were calculated for total 
EE using the Spearman-Brown prophecy formula (565). To achieve a 
reliability of ≥0.9, 4.5 days of at least 11hrs/day wear time was required, 
which was rounded up to the next whole day to ensure that the reliability 
criteria was met. Consequently, five valid days of 11 hours wear time was 
set as the inclusion criterion for this study.  
Anthropometry 
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Participants’ height, body weight and waist circumference was 
measured using standardised protocols (376). Body mass index (BMI) 
(weight (kg)/height (m)2) was calculated from these measures and used to 
categorise participants into underweight (BMI <18.5) normal range (BMI 
18.50-24.99), overweight (BMI ≥25.00) and obese (BMI ≥30.00) as defined 
by the World Health Organization (566). Body weight was recorded again 
at visit 2. This second weight measurement was taken to control for 
potential weight change over the week long study period.   
Covariates 
Covariates including age, sex, special diet, smoking status, country 
of birth, highest qualification and postcode were collected using a self-
reported questionnaire at visit 1. Special diet was defined as actively trying 
to lose weight. Post code was used to assign participants via the 
Australian Bureau of Statistics Socio-economic Index for Areas (SEIFA) 
into a low, medium or high socio-economic category ranked by their 
suburban postcode (377).  
Data analysis 
Data analysis were conducted using Stata Statistical Software, v14 
(Stata Corporation). Descriptive statistics were used to report 
anthropometric and demographic characteristics. Pearson correlation 
coefficients were used to assess the strength of the association between 
EEI and MEE. The ICC of absolute agreement was also calculated to 
evaluate the relationship between EEI and MEE. The ICC accounts for 
both the difference between measures and the degree of correlation (308). 
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Both methods are commonly used in the evaluation of dietary assessment 
methods (5). A Bland-Altman plot was used to analyse the limits of 
agreement between the two variables by calculating the standard 
deviation of the difference between the two measures (380). A p value 
<0.05 was considered statistically significant.   
The level of misreporting observed was also assessed. This was 
based on the fundamental principle that EE = EI ± body stores, where, in 
the absence of a non-significant weight change (stable weight) at the 
group level, the expected ratio of EE: EI is 1 (230). Inaccurate reporting of 
dietary EI is now widely recognised, and has been observed to vary from 
10-50% (231). Misreporting, characterized by the reporting of implausible 
EIs may undermine the validity of the method. The participants were 
classified as adequate-reporters (AR), under- reporters (UR) or over-
reporters (OR) of EI in accordance with the Huang method (138). This is 
an updated method for identifying physiologically implausible dietary 
reports by comparing EEI with MEE according to whether the individual’s 
ratio was within, below or above the 95% confidence intervals of the 
expected ratio of 1.0. It is able to account for intra-individual variation in EI 
by using the CVEEI over the number of days (d) of intake data. This method 
resulted in 95% CI of <0.73 and >1.27, any participant outside of these cut 
offs were excluded from analysis.  
 
Results 
Analytical sample  
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Ninety young adults (71 female, 19 male) aged 18-30 years (mean 
age: 24.9±4.1 years) from the Melbourne region, Victoria, Australia were 
recruited for this study. The majority of participants, were within the 
healthy weight range (BMI 18.5-24.9), non-smokers, born in Australia, 
lived in a suburb ranked with a high SEIFA score and held university 
degrees (Table 1).  
 
Table 1. Characteristics of the young adult participants (n=90) 
Characteristic 
Age (years), Mean ± SD 24.9 ± 4.1 
Sex (female), n (%) 71 (79) 
Height (m), Mean ± SD 1.7 ± 9.2 
Weight visit 1 (kg), Mean ± SD 65.7 ± 
13.0 
Weight visit 2 (kg), Mean ± SD 65.4 ± 
13.3 
Body mass index (kg/m2), Mean  ± SD 22.84 ± 
3.1 
Weight status, n (%) 
       Underweight (BMI < 18.5) 3 (3) 
       Healthy weight (BMI 18.5-24.9) 68 (76) 
       Overweight (BMI 25-29.9) 17 (19) 
       Obese (BMI > 30) 2 (2) 
Special diet (no), n (%) 89 (99) 
Smoker (no), n (%) 88 (98) 
Country of birth, n (%) 
       Australia 76 (84) 
      Other 14 (16) 
SEIFA, n (%) 
       Low 4 (4) 
       Medium 17 (19) 
       High 69 (77) 
Highest qualification, n (%) 
       Higher school certificate (Year 12 or equivalent) 16 (18) 
       Trade/apprenticeship (e.g. hairdresser, chef) 3 (3) 
       Certificate/diploma (e.g. childcare, technical) 8 (9) 
       University degree 43 (48) 
       Higher University degree (e.g. Graduate Diploma, 
Masters) 
20 (22) 
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SEIFA: Australian Bureau of Statistics Socio-economic Index for Areas 
The mean weight of participants was not significantly different 
between visit one and visit two (p=0.9075). Participants with less than 
three days of dietary data (n=7) and who did not meet the wear time 
criterion for the SWA (n= 6) were excluded from further analysis. Analysis 
of misreporting identified 19 participants as UR, two participants as OR, 
resulting in 56 AR (Figure 1). There were no significant differences 
(P<0.05) between those classified as UR, AR, OR, or those excluded on 
the basis of inadequate days of reporting for either dietary intake or SWA 
(Table 2). Further analysis of agreement was restricted to AR only (n=56). 
 
Insert Figure 1 around here 
 
Table 2. Differences in under reporters, adequate reporters, over 
reporters and those who were excluded from analysis.  
Characteristic Under 
reporters  
(n=19) 
Adequate 
reporters 
(n=56) 
Over 
reporters  
(n=2) 
Excluded 
(n=13) 
Age (years), Mean ± 
SD 
23.90 ± 
2.61 
25.1 ± 
4.68 
24.97 ± 
1.82 
26.00 ± 
2.78 
Sex (female), n (%) 14 (74) 41 (73) 2 (100) 12 (92) 
Body mass index 
(kg/m2), Mean ± SD 
23.53 ± 
2.24, 
22.79 ± 
3.16 
22.28 ± 
1.94 
22.16 ± 
3.56 
Country of birth (Aus), 
n (%) 
16 (84) 48 (86) 2 (100) 10 (77) 
SEIFA (high), n (%) 16 (84) 44 (79) 1 (50) 8 (62) 
Highest qualification 
(university degree or 
higher), n (%) 
14(74) 39 (70) 1 (50) 9 (69) 
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Smoking Status 
(smokers), n (%) 
0 1 (2) 0 1 (8) 
SEIFA: Australian Bureau of Statistics Socio-economic Index for Areas 
Among the analytical sample (n=56), every participant recorded at 
least one image over their reporting period with 14% of participants 
providing images for every eating occasion. Overall, 72% of 1339 eating 
occasions reported by the analytical sample had images that were used in 
dietary assessment coding. At the participant level, among those missing 
one or more images (n=48), the number of eating occasions without 
images (mean ± SD per participant) was 7.9±6.4 or approximately 33%. 
 
Measures of agreement 
The mean (±SD) EEI recorded by the FoodNow app was 9204.14 
kJ (1957.61) compared to the MEE measured by the SWA which was 
10030.43 kJ (2210.35). Figure 2 is a scatter plot between MEE and EEI 
including a regression line to indicate agreement between the two 
methods.  
 
Insert Figure 2 around here 
Correlation coefficients (two-way random-effects model) between 
methods revealed that the relationship between EEI measured by 
FoodNow and MEE obtained by the SWA was strong. A high degree of 
reliability was found between EEI and MEE (ICC, 95% CI: 0.75, 0.61, 
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0.84) (p>0.0001).  There was a positive Pearson’s correlation between EEI 
and MEE (r=0.75, p>0.0001, R2 = 0.56).  
Bland-Altman plots were used to illustrate the agreement between 
EEI measured by the FoodNow app and the MEE measured by the SWA 
(Figure 3). The mean difference between EEI and MEE was 826.29 kJ, 
but the 95% limits of agreement were wide (95% CI: -3709.27, 2056.69) 
indicating error at an individual level. No systematic bias was detected, 
with random scatter of data points seen in Figure 3.  
 
Insert Figure 3 around here 
Discussion:  
This study evaluated an innovative method of dietary assessment 
using a Smartphone app “FoodNow” within young adults. The results show 
that FoodNow captured a mean EEI that was strongly correlated to the 
MEE measured by the SWA in young adults aged 18-30 years. FoodNow 
as an EEI measurement tool is comparable to previous Smartphone 
dietary assessment approaches (270, 271), however is also able to 
capture rich contextual data surrounding eating occasions. The wide limits 
of agreement seen in the Bland-Altman plot suggest this method would be 
more suitable for dietary assessment at a group level rather than individual 
level.  
The results presented within this study are consistent with previous 
validation studies evaluating dietary assessment Smartphone applications. 
24 hour-recalls have been used as a reference method for two novel 
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dietary assessment methods, namely My Meal Mate (MMM) (270) and 
Electronic dietary intake assessment (e-DIA) (351). Results from both 
studies reported a mean EI comparable to 24-hour dietary recalls, with 
Bland-Altman plots showing minimal bias but with wide limits of agreement 
(270, 351). However, neither study assessed misreporting or accounted 
for under or over reporting of dietary intake.  
Doubly-labelled water has also been used as a reference method 
for novel dietary assessment methods utilising Smartphone technology. 
Methods such as the Remote Food Photography Method (RFPM) (296), 
Nutricam Dietary Assessment Method (NuDAM) (278) and Tool for Energy 
Balance in Children (TECH) (294, 295) have all assessed their respective 
methods for EI against DLW. When comparing EI compared to EE 
captured by DLW across methods; NuDAM under-reported EI, TECH 
adequately reported EI and RFPM documented both under-reporting and 
adequate-reporting depending on the kind of participant prompts used 
throughout the study. The RFPM method using customised prompts 
(participant or meal specific reminder messages) provided a comparable 
EI compared to those using standard prompts (general reminder 
message) when comparing EI to EE captured by DLW. Each method 
discussed was assessed in different populations and used varying data 
collection methodologies. For example, NuDAM was assessed in Type 2 
diabetic adults and used both images and an accompanying follow-up 
phone call (278), TECH was assessed in children (mean age 5.5 years) 
and their parents, with dietary assessment based solely on the images 
taken by the parents of the children’s food intake (294) and RFPM was 
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assessed in obese adults 18-54 years and relied solely on portion size 
estimations from participant captured images (296). All three methods 
(RFPM, NuDAM and TECH) used images as an element of dietary 
assessment data collection. The variation in study samples and EI 
collection methods (e.g. images exclusively or in combination) makes 
comparisons between studies difficult. A recent review of Smartphone 
dietary assessment methods, reported Smartphone dietary assessment 
methods to have similar but not superior, validity or reliability when 
compared with conventional methods of dietary assessment (243). 
The use of Smartphones as a dietary assessment platform may 
have a number of advantages with the potential to reduce participant 
burden being the most important. For example, a review of Smartphone 
platforms saw a reduction in the time taken to report eating occasions 
(257, 258) with evidence suggesting reporting of dietary intakes over 
longer study periods could be possible with Smartphone platforms (257, 
258, 278). In addition, costs to researchers may be reduced through the 
use of automated real-time coding, in which image analysis and volume 
estimation data can be indexed against existing nutrient databases (274, 
291, 383). This process relies on several steps, however put simply the 
food item needs to be identified and portion sized before being matched to 
an appropriate food code found in a composition database. More work is 
needed to improve the accuracy and consistency of these methods, with 
previous studies reporting problems with the illumination and angle of the 
images (297), difficulties in detecting hidden ingredients, cooking method, 
colour and texture (292) and multiple food items or mixed dishes 
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increasing misreporting (298). Automated coding was not implemented in 
the current study given the initial infrastructure costs required in 
establishing this process.  
Participant satisfaction and preference for mobile phone dietary 
assessment platforms compared to conventional platforms has been 
highlighted in recent literature (243). As the use of Smartphone platforms 
expands rapidly within the dietary assessment area, so do the number of 
methods which are created and not validated or evaluated. New methods 
require adequate evaluation in specific populations or environments to 
ensure they are measuring both food and nutrient intakes accurately. 
Without thorough evaluation, there is a risk that bias and error is not 
adequately considered and inappropriate conclusions are drawn from the 
dietary intake influencing future public health messages and interventions 
for fear of EI or nutrient misreporting (307).  
Under and over-reporting of nutrients and EI is common within 
dietary assessment research (250). Previous studies have found 
significant associations between under-reporting and over-reporting of 
food consumption. Johnson et al., (1994) compared a food diary with DLW 
in an older population and found women were significantly more likely to 
under-report EI than men (p<0.01) (385), while women with higher BMIs 
were more likely to under-report EI than those who were of a normal BMI 
(385). Similar results were seen in a study using a ratio of EI to basal 
metabolic rate in two 24-hour recalls of adults (386). Similar to Johnson et 
al. (385), Fereidoun Azizi et al. (386), found women were more likely to 
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under-report EI than males (p<0.05). They also found that UR were older 
and had lower BMI’s than AR (p<0.01), while OR were younger, had 
higher BMI’s and were more likely to smoke than AR (P<0.01) (386). Both 
studies found misreporting related to sex and BMI while Fereidoun Azizi 
(2005), identified age and smoking habits also (385, 386). These studies 
differed in sample ages, EI collection method, definitions for UR, OR, and 
AR, and approaches for establishing cut-offs (385, 386), thus making 
comparisons difficult. The present study did not find similar misreporting 
relationships, with no significant differences between ineligible reporters, 
UR, OR or AR for a range of participant characteristics (age, sex, BMI, 
country of birth, SEIFA, highest educational qualification or smoking 
status).  
Strengths and Limitations 
This study had several strengths. Firstly, MEE was objectively measured 
using the SWA, which has been shown to be highly accurate compared to 
DLW, has low participant burden, no recall bias and high compliance rates 
(318, 322). Secondly, the collection of dietary data from four non-
consecutive days (including three week days and one weekend day) 
controlled for day-to-day variation and occasionally consumed foods (5). 
This reporting period is seen as a strength compared to previous studies 
who reported food intake on consecutive days (5-7 days) (270, 271) 
placing increased burden on participants and increasing reporting error 
(333). Thirdly, participants were able to download the FoodNow app on 
their own phones from either the Android or IPhone platforms, in 
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comparison to previous studies where they were required to use a 
provided “study” device (257, 258).  
Limitations of this study include the wide limits of agreement seen within 
the Bland-Altman Plot indicating error at an individual level. The wide 
levels of agreement seen within this study are consistent with previous 
studies which have compared electronic devices with references methods 
(270, 271) and suggest this form of dietary tool for dietary analysis at the 
population level rather than the individual level. Secondly, the sample was 
not representative of all young adults as 70% of participants were tertiary 
educated and largely female. This is a limitation as digital and computer 
literacy has previously been reported to be increased in those with higher 
socioeconomic backgrounds (388). However, no significant differences 
between ineligible reporters, UR, OR or AR were reported according to 
age, sex, BMI, country of birth, SEIFA, highest education level or smoking 
status.  
Thirdly, while this study was able to evaluate the ability of the FoodNow to 
report food and beverage intakes, other data collected by the app 
(contextual factors of eating occasions) were not able to be evaluated 
using SWA. Other Smartphone apps have also incorporated these types 
of measures but they have rarely been evaluated (389). These 
assessments require further examination with alternative approaches such 
as direct observation (390) or other technology such as wearable cameras 
(251). The assessment and agreement of EEI to an objective measure of 
MEE is the first step in substantiating that this method is a suitable and 
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reliable method for collecting dietary intake, both nutritional and 
contextual. Finally, collection of images associated with the eating 
occasions varied between participants although it is not clear how this 
compares to other studies, given the lack of comparable data in the 
literature.   
Future directions 
Future research should examine the use of FoodNow in other population 
groups including older age groups and those with lower education and 
literacy levels. Current work in this domain has found promising results 
with older adults engaging in Smartphone application use (392), as well as 
those with lower education levels (393). Further work needs to examine 
alternative ways of decreasing misreporting and capturing dietary 
assessment as accurately as possible whilst maintaining or decreasing 
participant burden (394). Future work is also required to further 
understand which aspects of technology are particularly advantageous in 
improving the accuracy of dietary assessment. For example, 
understanding the impact of the addition of images on the accuracy of 
dietary coding and comparisons between participants who reported 
images for every eating occasions versus those who reported images less 
frequently may provide further insight.  
Conclusion: 
Dietary assessment methods based on new technology offer great 
potential to improve reporting of dietary intake. However they require 
adequate evaluation across populations and environments to ensure they 
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are measuring food intakes accurately. The Smartphone application 
FoodNow was able to accurately assess EEI when compared to MEE from 
SWA in young adults. Despite wide levels of agreement at the individual 
level (-3709kJ to 2056kJ), at the group level, FoodNow appears to have 
potential as a dietary assessment tool. Additional research is needed to 
confirm the validity of the FoodNow app in different populations. 
 
Abbreviations: AR – Adequate-reporter, BMI – Body mass index, DLW- 
Doubly labelled water, EE – Energy expenditure, EEI – Estimated energy 
intake, kJ - Kilojoule, ICC – Intra-class correlation coefficient,  MEE – 
Measured energy expenditure, OR – Over-reporter, SEIFA - Socio-
economic Index for Areas, SWA – SenseWear armband, UR - Under-
reporter 
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Figure 1. STROBE-nut flow diagram of analytical sample  
Figure 2. Scatterplot between measured energy intake and estimated 
energy intake with regression line (n=56) 
kJ: Kilojoule 
Figure 3. Bland-Altman plots between the mean estimated energy 
intake (EEI) and the difference in EEI and MEE in 56 young adults 
(n=56) 
EEI: Estimated energy intake, MEE: Measured energy expenditure 
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Pretesting and 
development of the 
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Results – Pilot study 
 A pilot study to evaluate the functionally and useability of the FoodNow 
app was conducted from December 2013 through to March 2014. A total of 12 
participants (2 male and 10 female) were recruited, with a mean (SD) age of 25.6 
(7.9) years. There were equal numbers of IPhone (n=6) and Android phone users 
(n=6). Participants were required to download and use the FoodNow app for four 
pre-determined non-consecutive days recording all eating occasions. Following 
completion of the four days using the FoodNow app participants completed a 
process evaluation questionnaire (Appendix 3D).  
Results from this questionnaire showed subjects were confident using 
apps with the majority (n=11) indicating that they “understand” how app’s work 
with limited concern for the security of app technology (n=11). Most subjects 
reported that the FoodNow app was not complex to use (n=8) and easy to learn 
(n=8). However, multiple participants were concerned about remembering to take 
photos of their foods (n=9), using the voice recording function (n=7) and some 
experienced problems with the save function of the app (n=7). Overall a limited 
number of participants wanted to use the app again (n=2) or would recommend it 
to a friend (n=2). Table 3B.1 summaries the participants’ responses to the section 
of the process evaluation questionnaire (Appendix 3D) regarding use of the 
FoodNow app. Each question was on a 3-point Likert scale with response options, 
Agree, Neutral and Disagree. The results presented in Table 3B.1 are the crude 
count results from participants n=12.  Responses to the open-ended questions in 
the questionnaire provided more detailed and specific information on where 
improvements could be made to the usability and functionality of the FoodNow 
app (Table 3B.2).  
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Table 3B.1 Participant responses following use of the FoodNow app 
 Statements, as presented Responses for all participants (n=12) 
1. I found the FoodNow app really complex 
to use 
Agree = 3, Neutral = 1, Disagree = 8, 
2. It was easy to find the information I 
needed on FoodNow 
Agree = 5, Neutral = 5, Disagree = 2 
3. I found the FoodNow app easy to use Agree = 5, Neutral = 1, Disagree = 6 
4. I liked the layout of the FoodNow app Agree = 2, Neutral = 3, Disagree = 6, No 
answer = 1 
5. The FoodNow app occasionally failed to 
work or save information 
Disagree = 5, Agree = 7  
6. I think it was easy to remember to take 
pictures of my meals 
Agree = 3, Disagree = 9 
7. I think it was easy to remember to record 
a voice message about my 
food/drinks/snacks 
Agree = 2, Neutral = 3, Disagree = 7 
8. I think it was easy to remember to take a 
picture of my snacks 
Agree = 2, Neutral = 1, Disagree = 9 
9. I think it was easy to remember to take a 
picture of my drinks 
Disagree = 12 
10. I prefer to sit while taking a picture Agree = 8, Neutral = 2, Disagree = 2 
11. I think it would be easy to carry and use a 
USB-sized measurement reference tool 
to be used when taking pictures of 
foods/drinks 
Agree = 3, Neutral = 8, Disagree = 1 
12. I prefer to stand while taking a picture Agree = 2, Neutral = 4, Disagree = 6 
13. It was easy to learn to use the FoodNow 
app 
Agree = 8, Neutral = 2, Disagree = 2 
14. Overall, I liked to the FoodNow app Agree = 3, Neutral = 1, Disagree = 8 
15. I don’t understand how “Apps” work Neutral = 1, Disagree = 11 
16. I worry about the security of technology 
such as apps 
Neutral = 1, Disagree = 11 
17. I would like to use the FoodNow app 
again 
Agree = 2, Neutral = 2, Disagree = 8 
18. I would recommend the FoodNow app to 
friends 
Agree = 2, Neutral = 2, Disagree = 8 
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Table 3B.2 Participant’s feedback following use of the FoodNow app 
 Feedback item Number of participants who 
made this suggestion (n=12) 
1. Participants wanted to be able to go back and make changes 
to previous entries 
6 
2. Wanted to be able to delete entries 3 
3. Felt completing the entry was too time consuming and 
contained too many steps  
5 
4. Some participants experienced app crashes and failures when 
trying to save entries 
3 
5. Not clear what to do when the food had already been eaten 
and no image was captured 
1 
6. A more interactive app where participants receive 
instantaneous nutritional analysis feedback 
1 
7. Confusing having all days both past and future listed on the 
homepage. This made it easy to select the wrong day thus 
report intake on the wrong day 
1 
8. Problems with the drop down menu used to report the time 
of the eating occasions 
2 
9. Lack of clarity on how to report certain foods e.g. slices, 
grams, pieces 
1 
10. Failure to remember to use the reference card 4 
11. Wanted to see more options available in the drop down 
menus e.g. frequently used responses such as toasting as a 
cooking method 
1 
 
The research team responded to this feedback by making changes to the 
FoodNow app before it was used in the Group B. Evaluation Study. The 
following items were suggested by the participants of this pilot study. Below 
each item is stated and then discussed as to why or why not this change was 
implemented into the final model of the FoodNow app.   
 
1. Participants wanted to be able to go back and make changes to previous 
entries.  
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This change was not implemented as a real-time assessment was a primary 
objective of this tool and there was a concern around loss of data. In addition, 
technological issues meant that this could not be implemented at this stage. 
The feedback was integrated into future use of the FoodNow app by creating 
more clarity for the participants around the main aims of the FoodNow app. A 
more detailed instructional document was created to ensure that future 
participants received better training surrounding the FoodNow app and 
emphasized the importance of capturing eating behaviours and occasions in 
real time. This document was used in combination with a face to face 
educational session which was administered when explaining the functions of 
the app with participants.  
 
2. Wanted to be able to delete entries  
This was addressed through the creation of a more thorough explanatory 
document and face-to-face educational session administered to participants 
in Group B, as explained above. It was hypothesised that by educating the 
participants more thoroughly on how to use the app fewer errors would be 
made thus less need to delete misreported entries.  
 
3. Felt completion of data entry was too time consuming and contained too 
many steps  
The version of the app used in Group A was redesigned to delete some time 
consuming questions. A question relating to the participants’ location during 
eating was deleted as this required the participants to type in the full address 
of their current location. This was time consuming and required the 
participants to be aware of the address of their current location. This version 
also contained a series of questions relating to the participants’ current state 
of mind and how they were feeling e.g. hungry, stressed, tired etc. These 
items were also deleted to streamline reporting of eating occasions.   
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4. Many participants experienced app crashes and failures when trying to save 
entries  
The creators of the app (iNEX) were able to improve some of the functions in 
the back end of the app to prevent crashes and implemented an auto-save 
function to eliminate data save failures.   
 
5. Not clear what to do when the food had already been eaten and no image 
was captured 
In this preliminary version of the app it was compulsory to take an image to 
move to the next stage of the entry. This resulted in participants taking images 
of non-food items to progress to the next screen, thus making this method of 
data collection redundant as it was not collecting useful information. This 
problem was rectified by making the photo option a non-compulsory 
requirement to enable participants move to the next screen of the app. In all 
the resources and educational materials provided to the participants they 
were strongly encouraged to take images as often as possible. However if this 
was not possible they were asked to  use the “no photo” option and provide 
as much written information in the text box to help the research staff 
correctly identify what and how much was consumed.   
 
6. Requested a more interactive app where participants receive instantaneous 
nutritional analysis feedback 
Nutritional analysis was not an aim of this app. This was addressed through 
user training and the creation of a more detailed document and face-to-face 
educational session administered to participants. By providing the participants 
with a more thorough understanding of the aims of the app we were able to 
educate them about the capabilities of the app.  
 
7. Confusing having all days both past and future listed on the homepage. This 
made it easy to select the wrong day thus report intake on the wrong day 
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A modification was made to the app to address this issue, so that completed 
recording days were no longer visible. At the beginning of the four days all 
four days were visible; as the days progressed, the list of days became shorter 
to help eliminate confusion and the possibility of reporting on a day in the 
past. By removing each day from the list of possible reporting days at 12 AM 
midnight on the day of reporting we were able to decrease confusion 
surrounding current reporting days. 
 
8. Problems with the drop down menu used to report the time of the eating 
occasions  
A modification to the app was made to address this issue. The creators of the 
app (iNEX) were able to adapt the back end of the app to increase the usability 
of the time picker option that featured in the new version of the FoodNow 
app.  
 
9. Lack of clarity on how to report certain foods e.g. slices, grams, pieces 
This was addressed through user training with the creation of a more detailed 
document and face-to-face educational session administered to participants.  
10. Failure to remember to use the reference card 
This was addressed, through user training. We provided more detailed advice 
on why the reference card was to be used. We also offered different 
suggestions such as using any standard credit card sized card they might have 
with them at the time of eating e.g. library card. We offered this suggested to 
reduce the burden associated with using the “official” study reference card.  
 
11. Wanted to see more options available in the drop down menus e.g. 
frequently used responses such as “toasting” as a cooking method 
Modifications were made to the app to address this issue. The drop down 
menus were adapted to feature the most commonly used responses for each 
question. For example, our earlier drop down menu for cooking method did 
not contain “Toasting.” As multiple participants used the “Other” response 
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and wrote in toasting we added toasting to our drop down menu. We also 
rearranged the order of the drop down menus so that the most frequently 
chosen responses featured near the top of the list. The changes made to the 
drop down menus were aimed to decrease participant burden and increase 
the usability of the FoodNow app.
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Appendix 3C. Pilot study - 
Plain language statement 
and consent form
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM  
 
TO:  <<Participant’s Name>>        ID: 
<<ID>> 
 
 
Plain Language Statement  
Date: <<Date>> 
Full Project Title:  Use of Smartphone technology to measure meal patterns in young adults 
Principal Researcher: Dr Sarah McNaughton 
Student Researcher: N/A 
Associate Researcher(s): Dr Nicky Ridgers & Prof Tony Worsley 
 
 
 
1. Your consent 
You are invited to take part in a research project focussing on understanding meal patterns 
and how people eat in everyday life. 
This Plain Language Statement contains detailed information about the research project. Its 
purpose is to explain to you as openly and clearly as possible all the procedures involved in 
this project so that you can make a fully informed decision whether you are going to 
participate.  
Please read this Plain Language Statement carefully. Feel free to ask questions about any 
information in the document.  You may also wish to discuss the project with a relative or 
friend or your local health worker. Feel free to do this. 
Once you understand what the project is about and if you agree to take part in it, please sign 
the attached consent form. By completing the consent form, you indicate that you 
understand the information provided and that you give your consent to participate in the 
research project. You will be given a copy of the Plain Language Statement to keep as a 
record. 
 
2. Purpose and Background 
The purpose of this project is to understand meal patterns among young adults aged 18-30 
years.  
We are interested in understanding the way people eat in everyday life including the 
different meals and snacks people eat. Nutrition is important for good health and 
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understanding the types of meals and snacks people eat, and the timing of the meals 
throughout the day is important to be able develop healthy eating messages. We are testing 
the use of a Smartphone meals diary to see whether this is a suitable method for recording 
all the foods and beverages that you consumed during the day.  
Thank you for registering your interest to take part in this project. A total of 20 people will 
take part in this project.  
3. Funding 
This research project is funded by an internal grant through Deakin University. The research 
staff declare that there are no conflicts of interest.  
4. Procedures 
Participation in this project will involve: 
1. Keeping a diary of all the food and drinks you consume over four days using a Smartphone 
“app” that we will provide to you. You will also be asked to answer a series of questions for 
each eating/drinking occasion. We will ask you to keep the diary over four days, including 
one weekend day.  
 
2. Complete a short 4 page survey about the Smartphone “app” where we will ask you to tell us 
if you had any problems using the app and any recommendations for changes to the app to 
make it easier for people to use. 
 
5. Possible benefits 
This project will help us understand the meal patterns and eating behaviours of Australian 
adults and will help us develop healthy eating messages to improve nutrition among 
Australians. This research will help us to develop an effective method for assessing eating 
patterns. 
We cannot guarantee or promise that you will receive any direct benefits from this project, 
however, we will regularly communicate with all participants and provide information on the 
progress of the study and the results. 
6. Possible Risks 
We do not anticipate any risks as a result of participation in this study.  
7. Alternatives to participation 
Participation in this study is entirely voluntary. If you do not wish to participate contact the 
research team on (03) 9246 8283 or meals@deakin.edu.au 
8. Withdrawal from study 
As mentioned above, participation is completely voluntary. If you wish to withdrawal from 
the study at any point, please contact project staff.  
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8. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this project and any that can identify you will 
remain confidential. It will only be disclosed with your permission, subject to legal 
requirements. In any publication, information will be provided in such a way that you cannot 
be identified. 
To ensure confidentiality, each questionnaire will be coded by a number so that we can send 
reminders to those who have not completed or returned the survey. This is an important 
research study, but you are under no obligation to participate.  
Please be assured that all information you provide will remain confidential. Your completed 
survey will be identified only by a number. All information will be used for research purposes 
only; it will be held in confidence and will be stored securely for a period of five years at 
Deakin University following the completion of the project. At no stage will your name be 
linked to your responses. 
9. Results of the project 
Results of the project will be made available in newsletters that can be downloaded from the 
Centre for Physical Activity and Nutrition Research website 
(http://www.deakin.edu.au/hmnbs/cpan/index.php) during the project. Once the project has 
been completed and all data has been analysed, the results will be published in health and 
nutrition journals along with both national and international conference presentations. 
 10.  Monitoring of the Project 
Independent and formal monitoring strategies are not required for this project. No 
treatment intervention is proposed, and so continual assessment of participants is not 
necessary. Participants are informed they can withdraw from the study at any time without 
consequence, and are able to contact us via email or telephone with any concerns or queries 
throughout the study.  
The Project Manager and Principal Investigators will provide ongoing monitoring of data 
collection procedures. The investigators will also monitor the analysis and interpretation of 
data. The research team will have regular meetings to discuss the progress of the project and 
address any issues that arise with data collection and analysis.  
11. Compensation 
Upon completion of the study, all participants will be given a $25 Woolworths gift voucher 
for their participation.  
12. Complaints 
If you have any complaints about any aspect of the project, the way it is being conducted or 
any questions about your rights as a research participant, then you may contact:   
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, Facsimile: 9244 6581, research-ethics@deakin.edu.au. 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  <<Participant’s Name>>       
 ID: <<ID>> 
 
Consent Form 
Date: <<Date>> 
Full Project Title: Use of Smartphone technology to measure meal patterns in 
young adults 
Reference Number: HEAG-H 31-2013 
 
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to 
keep.  
The researcher has agreed not to reveal my identity and personal details, 
including where information about this project is published, or presented in any 
public form.   
       
Full Name (please print in full) 
…………………………………………………………….……………………  
Signature ………………………………………….………………….…… Date 
……………………………………  
Address (for mailing of voucher) 
…………………………………………..………….………….……….. 
 
Please return the signed consent form in the reply-paid envelope. If you have 
any questions, please contact Jemma Merritt on (03) 9246 8283 or by email on 
meals @deakin.edu.au.   
 
MEALS Study 
School of Exercise and Nutrition Sciences, Faculty of Health 
Deakin University 
Melbourne Burwood Campus, 221 Burwood Highway, Burwood, VIC 3125
PLEASE SIGN HERE 
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Appendix 3D. Pilot study - 
Process evaluation 
questionnaire 
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ID: <<ID>> 
Measuring Eating in Every Day Life Study 
FOODNOW APP 
Process Evaluation Questionnaire  
Thank you for taking the time to complete this survey. It will only take you 
approximately 5 minutes. Once you have finished, please place it in the reply-
paid envelop provided and send it back to us. If you have any questions please 
contact Jemma Merritt (Project Manager) on 03 9346 8283. 
 
1. Which type of phone did you use for this study? (Please select ONE response 
only) 
IPhone (any version)  
HTC  
Samsung  
Other smart phone  
 
2. Do you often take pictures with a mobile telephone? (Please select ONE 
response only) 
Never  
Sometimes  
Often  
 
 
 
 
3. On a scale of 1-5, where 1 is strongly disagree and 5 is strongly agree:  Please 
tell us how much you agree or disagree with these statements about the 
FoodNow App. (Please select ONE response on each line)  
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I found the FoodNow App really 
complex to use  
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
It was easy to find the information 
I needed on Food Now 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I found the Food Now App easy to 
use 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I liked the layout of the Food Now 
App 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
The Food Now App occasionally 
failed to work or save information 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I think it was easy to remember to 
take a picture of my meals 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I think it was easy to remember to 
record a voice message about my 
food/drinks/snacks 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I think it was easy to remember to 
take a picture of my snacks 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I think it was easy to remember to 
take a picture of my drinks 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I prefer to sit while taking a picture Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
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I think it would be easy to carry and 
use a USB-sized measurement 
reference tool to be used when 
taking pictures of food/drinks 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I prefer to stand while taking a 
picture 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
It was easy to learn to use the Food 
Now App 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
Overall, I liked the Food Now App Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I don’t understand how “Apps” 
work 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I worry about the security of 
technology such as Apps 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I would like to use the Food Now 
App again 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
I would recommend the Food 
Now App to friends 
Strongly 
disagree 
 
Disagree 
 
Neither 
agree or 
disagree 
 
Agree 
 
Strongly 
agree 
 
 
 
 
4. Were there spelling or grammatical errors? (Please select ONE response only) 
None  
Some  
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Many  
 
5. Was the language used easy to understand? (Please select ONE response only) 
Easy  
Difficult  
 
6. What did you like the best about the Food Now App? 
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
--------------------------------- 
7. What did you like the least about the Food Now App? 
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
--------------------------------- 
8. Can you think of any other practical uses for the Food Now App? 
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
--------------------------------- 
9. Can you think of anything that would improve the Food Now App? 
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------
--------------------------------- 
 
 
 
 
10. Were the questions you answered in the questions section of the App 
relatively simple to answer or did you have to read and re-read them?  (Please 
select ONE response only) 
The next few questions are in reference to Question section of the Food Now App (after you 
have taken pictures and recorded a voice message) 
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Easy to answer  
Had to re-read a few questions  
Had to re-read most or all questions  
 
11. Were the responses options in the question section of the App appropriate 
or did you find yourself wanting a different or new category?  (Please select ONE 
response only) 
Appropriate response options  
Some questions I wanted different 
options 
 
All questions I wanted different options  
 
12. Did the questions in the question section of the App flow on well from 
previous questions or did topics jump around too much? (Please select ONE 
response only) 
Questions flowed well  
Some jumping around  
No flow of questions, they jumped 
around too much 
 
Thank you for finishing this questionnaire! We appreciate your time and effo
Chapter 9: Appendices 
 
318 
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Table 3E.1 outlines recruitment methods used for each of the studies reported 
in this thesis. All advertisements directed potential participants to the study 
website where they registered interest and were screen for eligibility.  
Table 3E.1 Recruitment methods utilised throughout thesis 
Method Pilot study Evaluation 
study 
Qualitative 
study 
MEALS 
Study 
Targeted Facebook 
advertising 
√ √ √ √ 
Twitter advert  √  √ 
Poster 
advertisements at 
Deakin Uni 
Burwood campus 
 √  √ 
Poster 
advertisements on 
TAFE campuses 
(Homesglen, Box 
Hill) 
 √  √ 
Poster 
advertisements in 
local community 
venues (e.g. tram 
stops, libraries) 
 √  √ 
Car park flyer drop 
at Deakin Uni 
Burwood campus 
   √ 
Promotional stall 
in shopping 
centres varying in 
socio-economic 
status 
   √ 
Gumtree advert    √ 
Online recruitment 
platforms – 
Jobshop, local 
council websites 
   √ 
 
 
Below are some examples of the Facebook and Twitter advertisements that were used 
throughout recruitment for the MEALS study.  
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MEALS Study 
 
Facebook / Twitter Ad 
 
 
 
FACEBOOK AD #1: 
 
Study on Food & Eating:  
Want to be a part of a novel study on food and eating at Deakin University?  
Click here 
 
 
 
FACEBOOK AD #2: 
Research- We Need You! 
Want to be a part of a novel study on food and eating at Deakin University?  
Click here 
 
 
 
 
 
 
 
 
FACEBOOK AD #3: 
Research Study on Food & Eating:  
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Want to be a part of a novel study on food and eating at Deakin University?  
Click here 
 
 
 
 
 
 
 
FACEBOOK AD #4: 
Research Participants Wanted (18-30yrs) 
Want to be a part of a novel study on food and eating at Deakin University?  
Click here 
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Appendix 3F. Evaluation 
study - Plain language 
statement and consent 
form
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  <<Participant’s Name>>       
 ID: <<ID>> 
 
Plain Language Statement  
Date: <<Date>> 
Full Project Title:  Use of Smartphone technology to measure meal patterns in 
young adults 
Principal Researcher: Dr Sarah McNaughton 
Student Researcher: N/A 
Associate Researcher(s): Dr Nicky Ridgers, Prof Tony Worsley 
1. Your consent 
You are invited to take part in a research project focussing on understanding 
meal patterns and how people eat in everyday life. 
This Plain Language Statement contains detailed information about the research 
project. Its purpose is to explain to you as openly and clearly as possible all the 
procedures involved in this project so that you can make a fully informed 
decision whether you are going to participate.  
Please read this Plain Language Statement carefully. Feel free to ask questions 
about any information in the document.  You may also wish to discuss the 
project with a relative or friend or your local health worker. Feel free to do this. 
Once you understand what the project is about and if you agree to take part in it, 
please sign the attached consent form. By completing the consent form, you 
indicate that you understand the information provided and that you give your 
consent to participate in the research project. You will be given a copy of the 
Plain Language Statement to keep as a record. 
2. Purpose and Background 
The purpose of this project is to understand meal patterns among young adults 
aged 18-30 years.  
We are interested in understanding the way people eat in everyday life including 
the different meals and snacks people eat. Nutrition is important for good health 
and understanding the types of meals and snacks people eat, and the timing of 
the meals throughout the day is important to be able develop healthy eating 
messages. We are testing the use of a Smartphone meals diary to see whether 
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this is a suitable method for recording all the foods and beverages that you 
consumed during the day.  
Thank you for registering your interest to take part in this project. A total of 120 
people will take part in this project.  
3. Funding 
This research project is funded by an internal grant through Deakin University. 
The research staff declare that there are no conflicts of interest.  
4. Procedures 
Participation in this project will involve: 
1. Attendance at the research clinic in the School of Exercise and Nutrition 
Sciences at Deakin University on two occasions. 
• On the first occasion, which will take approximately 1 hour, we will 
measure your height, weight and waist circumference and you will 
receive instructions on how to use to use the Smartphone meals diary 
and on wearing the SenseWear Armband device.  . You will also be 
required to answer a couple of questions to determine if you have any 
allergies/sensitivities to materials used in the SenseWear Armband.  
• We will also ask you to complete a study questionnaire that will take 
approximately 30 minutes to complete. The questionnaire asks things like 
“how often you help with food preparation and clean up”, “which cooking 
techniques you are confident using”, “which foods you are confident 
cooking”, nutrition knowledge, as well as questions about your 
neighbourhood. 
• On the second visit, which will take approximately 15 minutes, we will ask 
you to return the SenseWear Armband device. 
2. We will ask you to keep a diary of all the food and drinks you consume over 
four days using a Smartphone “app” that we will provide to you. You will also 
be asked to answer a series of questions for each eating/drinking occasion. 
We will ask you to keep the diary over four days, including one weekend day.  
3. We will ask you to wear a SenseWear Armband for seven consecutive days. 
This monitor is small, lightweight, and is worn on the upper left arm using an 
adjustable strap. The Armband will provide an estimation of your daily 
energy expenditure.  
5. Possible benefits 
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This project will help us understand the meal patterns and eating behaviours of 
Australian adults and will help us develop healthy eating messages to improve 
nutrition among Australians. This research will help us to develop an effective 
method for assessing eating patterns. 
We cannot guarantee or promise that you will receive any direct benefits from 
this project, however, we will regularly communicate with all participants and 
provide information on the progress of the study and the results. 
6. Possible Risks 
There is a small risk (less than 1% of users) of mild to severe skin irritation from 
wearing the SenseWear Armband. This may occur for those with highly sensitive 
skin or allergies to the materials used in the SenseWear and/or strap. This issue 
is often resolved by removing the monitor for a few hours as well as cleaning the 
upper arm and the monitor sensors. If irritation continues, it may be necessary to 
withdrawal from the study. If you experience any issues please contact the 
project staff for advice and assistance. Please note the SenseWear Armband is 
safe to wear for all activities of daily living (except water-based activities) and 
can be worn during sleep. 
We do not anticipate any other possible risks as a result of participation in this 
study. 
7. Alternatives to participation 
Participation in this study is entirely voluntary. If you do not wish to participate 
please contact the research team on (03)9246 8283 or email 
meals@deakin.edu.au. 
8. Withdrawal from study 
As mentioned above, participation is completely voluntary. If you wish to 
withdrawal from the study at any point, please contact project staff.  
8. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this project and any that can 
identify you will remain confidential. It will only be disclosed with your 
permission, subject to legal requirements. In any publication, information will be 
provided in such a way that you cannot be identified. 
To ensure confidentiality, each survey will be coded by a number so that we can 
send reminders to those who have not completed or returned the survey. The 
coded number will be used to remove from the initial address list, the addresses 
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of those who have returned surveys, or those that wish to not participate so that 
unnecessary reminder letters are not sent. This is an important research study, 
but you are under no obligation to participate.  
Please be assured that all information you provide will remain confidential. Your 
completed survey will be identified only by a number. All information will be 
used for research purposes only; it will be held in confidence and will be stored 
securely for a period of five years at Deakin University following the completion 
of the project. At no stage will your name be linked to your responses. 
9. Results of the project 
Results of the project will be made available in newsletters that can be 
downloaded from the Centre for Physical Activity and Nutrition website 
(http://www.deakin.edu.au/hmnbs/cpan/index.php) during the project. Once 
the project has been completed and all data has been analysed, the results will 
be published in health and nutrition journals along with both national and 
international conference presentations.  
10.  Monitoring of the Project 
Independent and formal monitoring strategies are not required for this project. 
No treatment intervention is proposed, and so continual assessment of 
participants is not necessary. Participants are informed they can withdraw from 
the study at any time without consequence, and are able to contact us via email 
or telephone with any concerns or queries throughout the study.  
The Project Manager and Principal Investigators will provide ongoing monitoring 
of data collection procedures. The investigators will also monitor the analysis and 
interpretation of data. The research team will have regular meetings to discuss 
the progress of the project and address any issues that arise with data collection 
and analysis.  
11. Compensation 
Upon completion of the study, all participants will be given a $25 Woolworth gift 
voucher for their participation.  
12. Complaints 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you 
may contact:   
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Reference Number: HEAG-H 31_2013 
 
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to 
keep.  
The researcher has agreed not to reveal my identity and personal details, 
including where information about this project is published, or presented in any 
public form.         
Full Name (please print in full) 
…………………………………………………………….……………………  
Signature ………………………………………….………………….…… Date 
……………………………………  
Address (for mailing of voucher) 
…………………………………………..………….………….……….. 
Please return the signed consent form in the reply-paid envelope. If you have 
any questions, please contact Jemma Merritt on (03) 9246 8283 or by email on 
 meals @deakin.edu.au.   
 
MEALS Study 
School of Exercise and Nutrition Sciences, Faculty of Health 
Deakin University 
Melbourne Burwood Campus, 221 Burwood Highway, Burwood, VIC 3125
PLEASE SIGN HERE 
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Appendix 3G. Evaluation 
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MEASURING EATING IN EVERYDAY LIFE 
Thank you for taking the time to complete this survey. It will take you 
approximately 30 minutes to complete, although this may vary depending on your 
answers.  
 
Privacy and confidentiality 
The information you provide in the survey is completely confidential. All completed surveys 
will be stored securely for a period of six years at Deakin University. At no stage will your 
name or contact details be linked to your results.  
 
IMPORTANT INSTRUCTIONS- PLEASE READ 
 
Please answer each question by shading in the most suitable option. Where you are asked to 
write an answer please read the question carefully and answer the best you can in the space 
provided. If you are unsure about how to answer a question, please choose the answer that 
best reflects how you feel. Please answer all questions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section A: Your Eating Habits 
 
HOW TO COMPLETE THIS SURVEY 
 
Please use a BLUE or BLACK pen to complete this survey. 
 
Please shade the circles completely:  
 
Please print clearly in the single boxes:               or on the lines:  PLEASE PRINT CLEARLY 
 
Please do not use liquid paper to correct your answers.  
 
If you make a mistake or want to change any of your shaded answers, please place a cross through 
the incorrect answer:               and shade the correct answer: 
 
For written answers in the single boxes, please cross out the incorrect answer and write your new 
one outside the box:     3  
 
For written answers on the lines, please cross out the incorrect answer and write your new answer 
just above or below the one you have crossed out:     INCORRECT 
                                                                       CORRECT 
If you do not want to answer a particular question, please write “NA” next to the question number:    
QA6                    NA 
                                           
Please do not fold this survey. 
1 2 
1 2 
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A1.  About how many serves of vegetables do you usually eat per day? Do not include 
potatoes, hot chips or fried potato.  (1 serve = ½ cup cooked vegetables or 1 cup salad 
vegetables). (Please shade one response only) 
 
I don’t eat vegetables  
Less than one serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4 serves/day  
5 serves/day  
6 serves or more/day  
 
A2. About how many serves of hot chips, French fries, wedges or fried potatoes do you 
usually eat per week?   (1 serve = a small cup) (Please shade one response only) 
 
I don’t eat chips  
Less than one 
serve/week 
 
1 serve/week  
2 serves/week  
3 serves/week  
4 serves/week  
5 serves/week  
6 serves or more/week  
 
A3. About how many serves of potatoes do you usually eat per week?  Do not include chips, 
French fries, wedges or fried potato.  (1 serve = 1 small potato). (Please shade one response 
only)  
 
I don’t eat potatoes  
Less than one 
serve/week 
 
1 serve/week  
2 serves/week  
3 serves/week  
4 serves/week  
5 serves/week  
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6 serves or more/week  
 
A4.   About how many serves of fruit do you usually eat per day? Do not include fruit juice.               
(1 serve = 1 medium piece or 2 small pieces of fruit or 1 cup of diced pieces). (Please shade 
one response only)  
 
I don’t eat fruit  
Less than one serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4 serves/day  
5 serves/day 
 
 
6 serves or more/day  
 
A5.  About how many slices of bread do you usually eat per day?  (A bread roll counts as two 
slices of bread) (Please shade one response only)  
 
I don’t eat bread  
Less than one slice/day  
1 slice/day  
2 slices/day  
3 slices/day  
4 slices/day  
5-7 slices/day  
8 slices or more/day  
 
A6.  What type of bread do you usually eat? (Please shade any that you usually eat) 
 
I don’t eat bread  
High fibre white bread  
White bread  
Wholemeal bread  
Rye bread  
Multigrain bread  
Other bread  
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A7. About how often is the meat you eat trimmed of fat either before or after cooking? 
(Please shade one response only)  
 
I don’t eat 
meat 
Never Rarely Sometimes Usually Always 
      
 
A8. In the past month about how often have you had the following? (Please shade one 
response on each line)   
 Neve
r or 
less 
than 
once
/ 
mont
h 
1-3 times 
a month 
Once/we
ek 
2-4 
times/w
eek 
5-6 
times/w
eek 
Once/da
y 
2-3 
times/da
y 
4-5 
times/da
y 
6 or 
more 
times/
day 
Potato crisps 
or salty snack 
foods 
         
Chocolates or 
lollies 
         
Cake, 
doughnuts, 
sweet biscuits 
         
Pies, pasties or 
sausage rolls 
         
Fast foods 
(e.g. 
McDonalds, 
KFC) 
         
Pizza          
Red meat 
(beef, lamb, 
pork as chops, 
steak, roasts, 
stir fries, 
casserole, 
rissoles, 
mince) 
         
Meat products   
(e.g. sausages,      
frankfurter) 
         
Chicken (not 
counting 
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crumbed or 
fast foods like 
KFC) 
Fish including 
tinned fish 
(but not fried 
fish) 
         
Dried 
beans/peas 
(e.g. baked 
beans, lentils) 
         
Eggs          
Nuts          
a   Cheese          
b   Yogurt          
c   Pasta, rice, 
noodles 
         
 
A9. What type of milk do you usually drink? (Please shade one response only)  
 
I don’t drink milk  
Whole  
Skim  
Low/reduced fat  
Soy  
Don’t know  
 
A10. About how much PLAIN milk in total do you usually drink each day?  (Do NOT count 
chocolate milk or other flavoured milk) (1 serve = 125ml or ½ cup/glass)  (Please shade one 
response only)  
 
I don’t drink PLAIN milk  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
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A11. About how much FLAVOURED milk in total do you usually drink each day?  (E.g. 
chocolate milk or other flavoured or sweetened milk)  (1 serve = 125ml or ½ cup/glass; 600 
ml bottle/carton = 5 serves)  (Please shade one response only)  
 
I don’t drink FLAVOURED milk  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A12. About how much water do you usually drink each day?    (1 serve = 125ml or ½ 
cup/glass; 600 ml bottle/carton = 5 serves; 1 litre bottle = 8 serves)  (Please shade one 
response only)  
 
I don’t drink water  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A13. About how much SOFT DRINK (excluding diet soft drink) do you usually drink each 
day?  (Include all types of soft drinks, including fruit flavoured drinks, sports drinks and 
cordials but exclude any diet soft drinks, fruit juice or plain water)  (1 serve = 125ml or ½ 
cup/glass; 1 can = 3 serves; 600 ml bottle/carton = 5 serves; 1.25L bottle = 10 serves)  (Please 
shade one response only)  
 
I don’t drink soft drink  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
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4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A14. About how much DIET SOFT DRINK do you usually drink each day?  (Include all types of 
diet soft drink, including low-calorie fruit flavoured drinks, but exclude any fruit juice or plain 
water)  (1 serve = 125ml or ½ cup/glass; 1 can = 3 serves; 600 ml bottle/carton = 5 serves; 
1.25L bottle = 10 serves)  (Please shade one response only)  
 
I don’t drink diet soft drink  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A15. About how much FRUIT JUICE do you usually drink each day (1 serve = 125ml or ½ 
cup/glass or popper/tetra pack) (Please shade one response only) 
 
I don’t drink fruit juice  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A16.  Over the last 12 months, on days when you were drinking alcohol, about how many 
glasses of beer, wine and/or spirits altogether did you usually drink?  
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Total number of glasses per day 
I don’t drink alcohol  
1 glass/day  
2 glasses/day  
3 glasses/day  
4 glasses/day  
5 glasses/day  
6 glasses/day  
7 glasses/day  
8 glasses/day  
9 glasses/day  
10 or more glasses/day  
 
A17. Over the last 12 months, on average how often did you drink beer, wine and/or spirits? 
(Please shade one response on each line). 
 
 Never Less 
than 
once 
per 
month 
1-3 
days 
per 
month 
1 day 
per 
week 
2 days 
per 
week 
3 days 
per 
week 
4 days 
per 
week 
5 days 
per week 
6 days 
per 
week 
Eve
ry 
day 
Beer 
(low 
alcohol) 
 
          
Beer (full 
alcohol) 
 
          
Red wine 
 
          
You can work out the number of glasses using the examples below. For spirits, 
liqueurs, and mixed drinks containing spirits, please count each nip (30mls) as one 
glass: 
1 can or stubby of beer = 2 glasses 
1 large bottle beer (750ml) = 4 glasses 
1 bottle wine (750ml) = 6 glasses 
1 bottle of port or sherry (750ml) = 12 glasses 
1 pre-mixed spirit (275ml) = 2 glasses 
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White 
wine 
(includin
g 
sparkling 
wine) 
          
Fortified 
wine, 
port, 
sherry 
etc. 
          
Spirits, 
liqueurs 
etc. 
 
          
Pre-
mixed 
spirits 
(i.e. 
Bacardi 
Breezer) 
          
 
 
 
A18. How many MEALS (including breakfast, lunch and dinner) do you usually eat in a typical 
day, including evenings?  (Please shade one). 
 
None One Two Three Four Five or more 
      
 
A19. How many SNACKS do you usually eat in a typical day, including evenings?  (Please 
shade one). 
 
None One Two Three Four Five or more 
      
 
A20. How many days per week do you usually eat breakfast?  (That is, not long after you get 
up in the morning) (Please shade one). 
 
0 days 1 day 2 days 3 days 4 days 5 days 6 days 7 days 
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A21. How many days per week do you usually eat lunch? (Please shade one). 
 
0 days 1 day 2 days 3 days 4 days 5 days 6 days 7 days 
        
 
A22. How many days per week do you usually eat dinner? (Please shade one). 
 
0 days 1 day 2 days 3 days 4 days 5 days 6 days 7 days 
        
 
A23. What do you consider the main meal of the day? (By main meal we mean the largest 
meal of the day) (Please write your answer on the line below)  
 
                          _____________________________________________________________ 
 
A24. About how often do you usually eat the main meal of the day? Please shade one 
response on each line). 
 
 
Never 
Less 
than 1 
meal/ 
week 
About 
1 
meal/
week 
2-3 
meals/ 
week 
4-5 
meals/ 
week 
6-7 meals/ 
week or 
more 
Not 
applicab
le  
On your own 
 
       
With your children        
d   With other family 
members/ relatives 
       
e   With friends         
f   With work colleagues 
 
       
g   With flatmates        
 
A25.  The next two questions are about the food eaten in your household in the past 12 
months. Please indicate whether the statements below occurred OFTEN, SOMETIMES, or 
NEVER for you and the other members in your household in the past 12 months. (Please 
shade one in each line). 
 
 
Often true Sometimes true Never 
Don’t know/ 
Don’t want to 
answer 
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The food that I 
bought just didn’t 
last and I didn’t 
have enough money 
to get more 
    
 
 I couldn’t afford to 
eat balanced meals 
    
 
A26. In the last 12 months, did you or other adults in your household ever cut the size of 
your meals or skip meals because there was not enough money for food? 
 
Yes, Almost every month  
Yes, some months but not every month  
Yes, only 1 or 2 months  
No  
 
A27. In the last 12 months, did you ever eat less than you felt you should because there was 
not enough money to buy food? (Please shade one). 
 
Yes No Not applicable 
   
 
A28.  In the last 12 months, were you ever hungry but didn’t eat because you couldn’t afford 
enough food? (Please shade one). 
 
Yes No Not applicable 
   
 
Section B: Your Thoughts About Food and Eating 
 
B1. How confident are you that you could do the following? (Please shade one response on 
each line).  
 
 Not at all 
confident 
Slightly 
confident 
Moderately 
confident 
Very 
confident 
Extremely 
confident 
Shop regularly for healthy 
nutritious foods over the next year 
     
Prepare/cook healthy nutritious 
foods over the next year 
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Stick to eating healthy nutritious 
foods over the next year 
     
Eat enough fruit for good health 
over the next year 
     
Eat enough vegetables for good 
health over the next year 
     
Limit your fast food consumption 
to once a week or less over the 
next year 
     
Eat a low-fat diet over the next 
year 
     
Stick to low-fat healthy foods even 
when you feel depressed, bored 
or tense 
     
Stick to low-fat healthy foods 
when you are eating out 
     
Not eat snacks while watching TV       
Stick to low-fat healthy foods even 
when there are high-fat foods 
available 
     
Stick to low-fat healthy foods even 
when eating with friends or co-
workers 
     
Stick to low-fat healthy foods even 
when alone and there is no one to 
watch you 
     
Stick to low-fat healthy foods even 
when feeling too tired/lazy to 
prepare something healthy 
     
Stick to low-fat healthy foods even 
when you are craving less healthy 
foods 
     
Not eat meals while watching TV      
Stick to low-fat healthy foods 
when you are eating at work/place 
of study 
     
 
B2. Please indicate how much you agree with the following statements.  (Please shade one 
response on each line). 
 
 
Strongly 
agree 
Tend 
to 
agree 
Neither 
agree or 
disagree 
Tend to 
disagree 
Strongly 
disagree 
Not Applicable 
 My partner always 
wants to eat the foods 
he/she is familiar with 
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My partner often 
persuades me to buy 
unhealthy foods 
      
Feeding my family 
what they like is more 
important than trying 
to eat healthy foods 
      
I often feel guilty 
preparing healthy 
foods, when my family 
would prefer to eat 
other kinds of foods 
      
My family’s food 
preferences usually 
take priority over my 
own food preferences 
      
I make time to eat 
healthy foods even 
when I am busy 
looking after my 
family 
      
My children always 
want to eat the foods 
they are familiar with 
      
My children often 
persuade me to buy 
unhealthy foods 
      
 
B3. During the past year, how often did members of your family (including spouse/partner):  
(Please shade one response on each line). 
 
 
Never Rarely A few times Often Very often 
Eat healthy low-fat foods 
with you 
     
Encourage you to eat 
healthy low-fat foods 
     
Discourage you from eating 
unhealthy foods 
     
 
B4.  During the past year, how often did friends or work colleagues: (Please shade one 
response on each line). 
 
 
Never Rarely A few times Often Very often 
Eat healthy low-fat 
foods with you 
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Encourage you to eat 
healthy low-fat foods 
     
Discourage you from 
eating unhealthy 
foods 
     
 
B5. On a scale of 1 (disagree strongly) to 7 (agree strongly), how much do you agree with the 
following statements?  (Please shade one response on each line). 
 
 
 
 
1 
(Disagree 
strongly) 
2 3 4 5 6 
7 
(Agree 
strongly) 
I don’t  think much about 
food each day 
       
Cooking or barbequing is 
not much fun 
       
Talking about what I ate or 
am going to eat is 
something I like to do 
       
Compared with other daily 
decisions, my food choices 
are not very important 
       
When I travel, one of the 
things I anticipate most is 
the eating the food there 
       
I do most or all of the clean 
up after eating 
       
I enjoy cooking for others 
and myself 
       
When I eat out, I don’t think 
or talk much about how the 
food tastes 
       
I do not like to mix or chop 
food 
       
I do most or all of my own 
food shopping 
       
I do not wash dishes or 
clean the table 
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I care whether or not the 
table is nicely set 
       
 
B6. How often are you involved in shopping for food/groceries (either for you, or for the 
household)? (Please shade one).  
 
Never/Rarely  
Sometimes  
Most of the time  
Always  
 
B7. How often are you involved in preparing/cooking food (either for you, or for the 
household)? (Please shade one). 
 
Never/Rarely  
Sometimes  
Most of the time  
Always  
 
B8. How often do you usually perform the following:  (Please shade one response on each 
line). 
 
 
Never 
1-2 
times 
per year 
4-5 times 
per year 
Monthly Weekly Daily 
Prepare a meal that 
included vegetables 
      
Prepare an entire 
dinner for two or 
more people 
      
Written a 
shopping list 
before shopping 
      
 
B9.  How adequate is/ are your…  (Please shade one response on each line). 
 
 Very 
inadequate 
Inadequate Adequate Very 
adequate 
Cooking skills     
The money I have to buy 
food 
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The appliances I have for 
food preparation 
    
The selection of food in local 
stores 
    
The time I have available for 
food preparation 
    
  
B10. Which, if any of these cooking techniques do you feel confident about using? (Please 
shade all that apply)  
 
Boiling  
Steaming  
Shallow frying  
Deep frying  
Grilling  
Poaching  
Oven baking or roasting  
Stewing/braising/casseroling  
Microwave  
Stir frying  
None of these  
Don’t know  
 
B11.  Which, if any of these foods, do you feel confident about cooking?  (Please shade all 
that apply)  
 
Red meat  
Chicken  
White fish (such as cod, haddock)  
Oily fish (herring, mackerel, salmon)  
Pulses (beans and lentils)  
Pasta  
Rice (not rice pudding)  
Potatoes (not chips)  
Fresh green vegetables (cabbage, 
broccoli, spinach) 
 
Root vegetables (carrots, parsnips, 
swede) 
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None of these  
Don’t know  
 
B12. When you first started learning to cook and then later on when learning more about 
cooking; which of any of these did you learn from or were useful to you? (Please shade all 
that apply in each column)  
 
 When you first 
started learning 
to cook 
Later on, when 
learning more 
about cooking 
Mother   
Father   
Grandmother   
Wife/husband/partner   
Other relatives   
Friends   
Babysitter/nanny   
Cooking classes at school   
Other cooking classes or courses (apart from school)   
Cook books   
Cooking programmes on television   
Specialist cooking/food magazines   
Articles in magazines or newspapers   
Booklets/leaflets from supermarkets   
Booklets/leaflets from food producers   
Health centre/doctor   
None of these   
Don’t know   
Have not learned to cook   
 
B13. How strongly do you agree with the following statements?  (Please shade one response 
on each line).  
 
 
Strongly 
disagree 
Disagree Agree Strongly agree 
I am too busy to eat 
healthy foods 
    
I am too rushed in the 
morning to eat a healthy 
breakfast 
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Eating healthy meals just 
takes too much time 
    
I do not have time to think 
about healthy eating 
    
 
B14. Which, if any, of these do you think limit the choice of food you buy?  (Please shade all 
that apply)  
 
Ability to store food 
 
 
Limited cooking facilities 
 
 
Don’t know how to cook some foods 
 
 
Ability to carry and transport foods 
 
 
Food goes off before its eaten 
 
 
Difficult to get to shops with children 
 
 
Difficult to get to shops because of age or disability  
None of these  
Don’t know  
Other – please specify below 
 
 
 
 
The following questions are about what advice you think experts are giving us. 
 
B15. Do you think the Australian Dietary Guidelines recommends that people should be 
eating more, the same amount, or less of these foods? (Please shade one for each food)  
 More Same Less Not sure 
Vegetables     
Sugary foods     
Meat     
Starchy foods     
Fatty foods     
High fibre foods     
Fruit     
Salty foods     
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B16. 
How many servings of fruit and vegetables a day do you think nutrition experts recommend 
people eat? (Examples of one serve are a piece of fruit or 1 cup of salad vegetables)  
 
Fruit               _______________________ 
 
Vegetables    ____________________ 
 
B17. Which fat do experts say is most important for people to cut down on? (Please shade 
one)  
 
Monounsaturated fat  
Polyunsaturated fat  
Saturated fat  
Not sure  
 
B18. What version of dairy foods do experts say people should eat? (Please shade one)  
 
Full fat  
Low fat  
Both full fat and lower fat  
None, dairy foods should be cut 
out 
 
Not sure  
 
 
 
B19. Do you think these are high or low in added sugar? (Please shade one for each food)  
 
 High Low Not sure 
Bananas    
Unflavoured yogurt    
Ice cream    
Orange (35%) juice    
Tomato ketchup    
Tinned fruit in natural juice    
 
B20. Do you think these foods are high or low in fat? (Please shade one for each food)  
 
Dairy products     
Experts classify foods into groups. We are interested to see whether people are aware of what 
foods are in these groups. 
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 High Low Not sure 
Pasta (without sauce)    
Mayonnaise    
Baked beans    
Lunch/sandwich meat    
Honey    
Vegetarian pastry    
Nuts    
White bread    
Cottage cheese    
Polyunsaturated margarine    
 
B21. Do you think these are high or low in salt? (Please shade one for each food)  
 
 High Low Not sure 
Sausages    
Pasta    
Anchovies    
Red meat    
Frozen vegetables    
Cheese    
 
B22. Do you think these are high or low in fibre/roughage? (Please shade one for each food)  
 
 High Low Not sure 
Cornflakes    
Bananas    
Eggs    
Red meat    
Broccoli    
Nuts    
Fish    
Baked potatoes with skin    
Chicken    
Baked beans    
 
B23. Do you think these fatty foods are high or low in saturated fat? (Please shade one for 
each food)  
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 High Low Not sure 
Tuna    
Whole milk    
Olive oil    
Red meat    
Sunflower margarine    
Chocolate    
 
 
 
 
B24. Which is the best choice for a low fat, high fibre snack? (Please shade one)  
 
Diet strawberry yogurt  
Sultanas  
Muesli bar  
Wholemeal crackers and 
cheese 
 
 
B25. Which would be the best choice for a low fat, high fibre light meal? (Please 
shade one)  
 
Grilled chicken  
Cheese on wholemeal bread  
Baked beans on wholemeal bread  
Quiche  
 
B26. Which kind of sandwich do you think is healthier? (Please shade one)  
 
Two thick slices of bread with a 
thin slice of cheddar cheese 
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Two thin slices of bread with a 
thick slice of cheddar cheese 
 
 
B27. Many people eat spaghetti bolognese (pasta with tomato and meat sauce). Which do 
you think is healthier? (Please shade one)  
 
A large amount of pasta with a little 
bit of sauce on top 
 
A small amount of pasta with a 
large amount of sauce on top 
 
 
B28. If a person wanted to reduce the amount of fat in their diet, which would be the best 
choice? (Please shade one)  
 
Steak, grilled  
Sausages, grilled  
Turkey, grilled  
Pork chop, grilled  
 
B29. If a person wanted to reduce the amount of fat in their diet, but didn’t want to give up 
chips, which one would be the best choice? (Please shade one)  
 
Thick chunky cut chips  
Thin cut “french fries” chips  
Crinkle cut chips  
 
B30. If a person felt like something sweet but was trying to cut down on sugar, which would 
be the best choice? (Please shade one)  
 
Honey on toast  
A cereal snack bar  
Plain sweet biscuit  
Banana with plain yogurt  
 
B31. Which of these would be the healthiest dessert?  (Please shade one)  
 
Baked apple  
Strawberry yogurt  
Wholemeal crackers and cheese  
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Carrot cake with cream cheese 
topping 
 
 
B32. Which cheese would be the best choice as a lower fat option? (Please shade 
one)  
 
Plain cream cheese  
Edam  
Cheddar  
Brie  
 
B33. If a person wanted to reduce the amount of salt in their diet, which would be the best 
choice? (Please shade one)  
 
Ready-made frozen shepherd’s pie  
Ham steak with pineapple  
Mushroom omelette  
Stir fry vegetables with soy sauce  
 
B34 a. Are you aware of any major health problems or diseases that are related to a low 
intake of fruit and vegetables? (Please shade one)  
 
Yes  
No  
Not sure  
 
b. If yes, what diseases or health problems do you think are related to a low intake of fruit 
and vegetables?  
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
B35 a. Are you aware of any major health problems or diseases that are related to how 
much salt or sodium people eat? (Please shade one)  
 
Yes  
No  
Not sure  
 
 b. If yes, what diseases or health problems do you think are related to salt? 
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_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
B36 a. Are you aware of any major health problems or diseases that are related to the 
amount of fat people eat? (Please shade one)  
 
Yes  
No  
Not sure  
 
b. If yes, what diseases or health problems do you think are related to fat? 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
B37. Do you think these help to reduce the chances of getting certain kinds of cancer? (Please 
shade one response on each line).  
 
 Yes No Not sure 
Eating more fibre    
Eating less sugar    
Eating less fruit    
Eating less salt    
Eating more fruit and vegetables    
Eating less preservatives/additives    
 
B38. Do you think these help to prevent heart disease? (Please shade one response on each 
line).  
  
 Yes No Not sure 
Eating more fibre    
Eating less saturated fat    
Eating less salt    
Eating more fruit and vegetables    
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Eating less preservatives/additives    
 
B39. Which one of these is more likely to raise people’s blood cholesterol level? (Please 
shade one)  
 
Antioxidants  
Polyunsaturated fats  
Saturated fats  
Cholesterol in the diet  
Not sure  
 
You are over halfway through! 
 
 
Section C: Your Physical Activity Habits 
In this section, we are interested in your physical activity habits at home, work, transport to 
work, around the home, and during your spare time. Please answer all questions. 
 
We are interested in finding out about the kinds of physical activities you do as part of your 
everyday life. Please answer each question even if you don’t think you are an active 
person.  
 
Think about all the vigorous and moderate activities you did in the last 7 days.  
 
Vigorous physical activities refer to activities that take hard physical effort and make you 
breathe much harder than normal.  
 
Moderate activities refer to activities that take moderate physical effort and make you 
breathe somewhat harder than normal. 
 
We know that some weeks you might be more active than others. We would still like you to 
tell us about the physical activity you did in the LAST 7 DAYS. 
Chapter 9: Appendices 
 
355 
 
 
Part A of each question asks you to provide how many days during the past 7 days you have 
been active. 
 
Part B of each question asks you to provide how many hours/minutes you spent being 
active on ONE of those seven days on average. Please make sure that you provide the 
number of hours/minutes for ONE DAY ONLY not all days.   
 
 
C1. Do you have a serious illness, long-term injury or disability that prevents you from being 
physically active? (Please shade one response only).  
 
Yes  
No  
 
If YES, please specify: ________________________________________________ 
 
C2.Thinking about how much physical activity you did in the last 7 days, was this a typical week 
for you?  (Please shade one response only). 
 
Yes  
No, I am usually more active  
No, I am usually less active  
 
Job-Related Physical Activity 
The first section is about your work. This includes paid jobs, farming, volunteer work, and any 
other unpaid work you did outside your home. Do not include unpaid work you might do 
around your home, like housework, yard work, general maintenance, and caring for your 
family. These are asked in the section on housework and house maintenance later in the 
survey.   
The next questions are about all the physical activity you did in the last 7 days as part of your 
paid or unpaid work. This does not include travelling to and from work. 
Think about only those physical activities that you did for at least 10 minutes at a time. 
 
C3. Do you currently have a job or do any unpaid work outside your home? (Please shade one 
response only).   
 
Yes  
No  
 
If you answered NOskip to question C7 
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C4 a. During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work? (Think 
about only those physical activities that you did for at least 10 minutes at a time.) 
 
 
                 days per week or 
 
If you answered NO  skip to question C5 
 
b. How much time did you usually spend on ONE OF THOSE DAYS doing vigorous physical 
activities as part of your work?  
  
__________hours and __________minutes per day 
 
C5 a. Again, think about only those physical activities that you did for at least 10 minutes at a 
time. During the last 7 days, on how many days did you do moderate physical activities like 
carrying light loads as part of your work? Please do not include walking.  
 
__________ days per week or   
 
If you answered NO  skip to question C6 
 
b. How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical 
activities as part of your work?  
 
__________hours and __________minutes per day 
C6 a. During the last 7 days, on how many days did you walk for at least 10 minutes at a time 
as part of your work? Please do not count any walking you did to travel to or from work.  
 
 
__________ days per week     or 
 
If you answered NO  skip to question C7 
 
b. How much time did you usually spend on ONE OF THOSE DAYS walking as part of your 
work?  
 
__________hours and __________minutes per day 
 
Transportation Physical Activity 
These questions are about how you travelled from place to place, including to places like work, 
shops, movies, and so on. 
 
C7 a. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a 
  Not at all in the last week  
Not at all in the last week  
Not at all in the last week  
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time to go from place to place?  
 
__________ days per week   or  
 
If you answered NO  skip to question C8 
 
b. How much time did you usually spend on ONE OF THOSE DAYS to bicycle from place to 
place?  
 
__________hours and __________minutes per day 
 
C8 a. During the last 7 days, on how many days did you walk for at least 10 minutes at a time 
to go from place to place?  
 
__________ days per week or  
 
If you answered NO  skip to question C9 
  
b. How much time did you usually spend on ONE OF THOSE DAYS walking from place to place? 
 
 __________hours and __________minutes per day 
 
Housework and House Maintenance 
This section is about some of the physical activities you might have done in the last 7 days in 
and around your home, like housework, gardening, yard work, general maintenance work, and 
caring for your family. 
 
C9 a. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like heavy 
lifting, chopping wood, shoveling, or digging in the garden or yard?  
 
 
               __________ days per week or 
 
If you answered NO  skip to question C10 
  
b. How much time in total did you usually spend on ONE OF THOSE DAYS doing vigorous 
physical activities in the garden or yard? 
 
__________hours and __________minutes per day 
 
C10 a. Again, think about only those physical activities that you did for at least 10 minutes at 
a time. During the last 7 days, on how many days did you do moderate activities like carrying 
light loads, sweeping, washing windows, and raking in the garden or yard?  
 
Not at all in the last week  
Not at all in the last week  
Not at all in the last week   
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__________ days per week or  
 
If you answered NO  skip to question C11 
 
b. How much time in total did you usually spend on ONE OF THOSE DAYS doing moderate 
physical activities in the garden or yard? 
 
__________hours and __________minutes per day 
 
C11 a. Again, think about only those physical activities that you did for at least 10 minutes at 
a time. During the last 7 days, on how many days did you do moderate activities like carrying 
light loads, washing windows, scrubbing floors and sweeping inside your home?  
 
 
__________ days per week  or  
 
If you answered NO  skip to question C12 
 
b. How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical 
activities inside your home?  
 
__________hours and __________minutes per day 
Recreation, Sport, and Leisure-Time Physical Activity 
This section is about all the physical activities that you did in the last 7 days solely for 
recreation, sport, exercise or leisure. Please do not include any activities you have already 
mentioned. 
  
C12 a. Not counting any walking you have already mentioned, during the last 7 days, on how 
many days did you walk for at least 10 minutes at a time in your leisure time?  
 
 
__________ days per week or  
 
If you answered NO  skip to question C13 
  
b. How much time did you usually spend on ONE OF THOSE DAYS walking in your leisure 
time?  
 
__________hours and __________minutes per day 
 
C13 a. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like aerobics, 
running, fast bicycling, or fast swimming in your leisure time?  
 
Not at all in the last week  
Not at all in the last week  
Not at all in the last week  
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__________ days per week or  
 
If you answered NO  skip to question C14 
 
b. How much time did you usually spend on ONE OF THOSE DAYS doing vigorous physical 
activities in your leisure time?  
 
__________hours and __________minutes per day 
 
C14 a. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate physical activities like bicycling 
at a regular pace, swimming at a regular pace, and doubles tennis in your leisure time?  
 
 
__________ days per week    
 
 
If you answered NO  skip to question C15 
 
 b. How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical 
activities in your leisure time?  
 
__________hours and __________minutes per day 
 
C15. During the last seven days, did you do any activities designed to increase muscle 
strength or tone, such as lifting weights, pull-ups, push-ups, or sit-ups?  
 
Yes   
No  Go to C17 
Don't know  Go to C17 
 
C16. During the last seven days, on how many days did you do these activities?  
 
Days last week  
Don't know  
 
Time Spent Sitting 
The next questions are about the time you spend sitting while at work, at home, while doing 
study, and during leisure time. This may include time spent sitting at a desk, visiting friends, 
reading or sitting or lying down to watch television or sitting in a motor vehicle. 
 
C17 a. During the last 7 days, how much time did you usually spend sitting on a WEEKDAY 
(INCLUDING the day and evening)?  
 
Not at all in the last week  
Not at all in the last week  
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__________hours and __________minutes per WEEKDAY 
  
b. During the last 7 days, how much time did you usually spend sitting on a WEEKEND day 
(INCLUDING the day and evening)? 
 
__________hours and __________minutes per WEEKEND day 
 
In the times you spent sitting, we are interested in finding out the types of activities you did. 
 
C18 a. Of your total sitting time, during the last 7 days, how much time did you usually spend 
sitting watching TV on a WEEKDAY?  
  
__________hours and __________minutes per WEEKDAY 
 
b. Of your total sitting time, during the last 7 days, how much time did you usually spend 
sitting watching TV on a WEEKEND day?  
 
__________hours and __________minutes per WEEKEND day 
 
C19 a. Of your total sitting time, during the last 7 days, how much time did you usually spend 
sitting at a computer on a WEEKDAY?  
 
__________hours and __________minutes per WEEKDAY 
 
b. Of your total sitting time, during the last 7 days, how much time did you usually spend 
sitting at a computer on a WEEKEND day?  
 
__________hours and __________minutes per WEEKEND day 
 
Section D: Your Neighbourhood 
 
This section of the survey relates to your local neighbourhood environment. When we refer 
to your “neighbourhood”, we mean your suburb or the local area where you live. When 
answering the questions please make sure you refer to your neighbourhood only. 
 
D1. About how long would it take to get from your home to the nearest stores or places listed 
below if you walked to them? Please select the time it would take you to walk to each place, 
even if you don’t normally go there. (Please shade one response on each line).  
 
 
1-
5min 
6-
10min 
11-
20min 
21-
30min 
31+min 
Don’t 
know 
Supermarket       
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a. Small grocery store (e.g. 
IGA) 
      
b. Convenience store/ milk 
bar 
      
c. Green grocer (e.g. fruit 
store/ fruit & veg market) 
      
d. Fast food restaurant       
e. Café/ coffee place       
f. Other restaurant (not 
fast-food) 
      
 
D2. How much do you agree with the following statements? Please shade the answer that 
best applies to you and your neighbourhood. Both local and within walking distance mean 
within a 10-15 minute walk from your home. (Please shade one response on each line).  
 
 Strongly 
disagree 
Somewhat 
disagree 
Somewhat 
agree 
Strongly 
agree 
 I can do most of my food shopping 
at local stores 
    
a. Food stores are within easy walking 
distance of my home 
    
b. Parking is difficult in local food 
shopping areas 
    
c. There are many places to go within 
easy walking distance of my home 
    
d. It is easy to walk to transit stops 
(bus, train, tram) from my home 
    
e. The streets in my neighbourhood 
are hilly, making my 
neighbourhood difficult to walk in  
    
f. There are many hills in my 
neighbourhood that limit the 
number of routes for getting from 
place to place 
    
 
D3. How do you usually travel to the place you do most of your food shopping? (Please 
shade one) 
 
Walk  
Bus  
Train  
Tram  
Bicycle  
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Motorbike  
Own car/ car from my household  
Car which belongs to someone outside my household  
Other – please specify below  
 
  
       
D4. The shops that serve my local community:  Please shade one response on each line). 
 
 Strongly 
agree 
Tend to 
agree 
Neither 
agree or 
disagree 
Tend to 
disagree 
Strongly 
disagree 
Don’t know 
Have a good supply of 
fresh fruit and 
vegetables 
      
Have good quality 
fruits and vegetables 
      
Do not sell dairy 
products that have a 
reduced fat content 
      
Only have pre-
packaged meats, not 
fresh meats 
      
Generally have baked 
bread 
      
Have a good supply of 
pasta/rice/etc. 
      
Are generally more 
expensive than 
elsewhere 
      
Do not provide 
information on healthy 
eating 
      
 
Section E: About You 
E1. Would you say your health is: (Please shade one)  
 
Excellent Very Good Good Fair Poor 
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E2. What is your date of birth? (Please write on the line). 
 
 ____/____/ 19____    (dd/mm/19yy) 
 
E3. In which country were you born? (Please shade one).  
 
Australia  
UK  
Italy  
Greece  
New Zealand  
Vietnam  
Other  
 
E4. Which of the following best describes your current relationship status? (Please shade 
one)  
 
Married  
Living in a de 
facto 
relationship 
Committed 
dating 
relationship or 
engaged 
Never 
married/Single 
Separated/ 
Divorced 
Widowed 
      
     
E5. What is the HIGHEST qualification you have completed? (Please shade 
one)  
 
No formal qualifications  
Year 10 or equivalent   
Year 12 or equivalent (e.g. Higher School Certificate)  
Trade/apprenticeship (e.g. hairdresser, chef)  
Certificate/diploma (e.g. childcare, technician)  
University degree  
Higher University degree (e.g. Graduate Diploma, Masters, PhD)  
E6. Which of the following best describes your current daily activities and/or 
responsibilities? (Please shade one response in each column) 
   
 Main Activity Other Activity (if 
applicable) 
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Working full-time   
Working part-time   
Studying full-time   
Studying part-time   
Casual paid work   
Looking for work   
Home duties   
Other (please specify below)   
   
 
E7. What is your main occupation, if applicable? (Please shade one)  
 
Manager (e.g. general manager, member of parliament, public relations manager, farm 
manager, school principal, manufacturer)  
 
Professional (e.g. magistrate, accountant, doctor, allied health professionals, registered nurse, 
school teacher, engineer) 
 
Technicians & Trade Worker (e.g. electrician, plumber, mechanic, chef, florist, hairdresser, 
dressmaker, interior decorator, safety inspector) 
 
Community & Personal Service Worker (e.g. ambulance officer, child care worker, aged and 
disabled carers, hospitality workers, flight attendant, sportsperson) 
 
Clerical & Administrative Worker (e.g. personal assistants, office managers, receptionist, book 
keeper, courier, library assistant, data entry) 
 
Sales Worker (e.g. real estate agent, sales representative, retail supervisor, check out operator, 
telemarketers) 
 
Machinery Operators & Drivers (e.g. machine operators, miners, taxi drivers, excavator 
operators, truck drivers) 
 
Labourers (e.g. cleaners, builders labourer, factory workers, general farm hand, kitchen hand, 
fast food cook) 
 
 No paid job  
  Student  
 
E8. If you do paid work, how many hours did you spend in your paid job(s) in total in the last 
week?  (Please shade one).  
 
I didn’t do any paid work  
1-15 hours  
16-24 hours  
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25-34 hours  
35-40 hours  
41-48 hours  
49 hours or more  
 
 
 
 
 
E9. If you do paid work, how often does this involve working night or weekend shifts?  
(Please shade one response for nights and one response for weekends).  
 
 Night Shifts  Weekend Shifts  
Never   
Sometimes   
Often   
Always   
Not applicable   
 
E10. What is the average gross (before tax) income that you and your household receive 
each week, including wages, salary, pensions and allowances?  (Please shade one in each 
column: one for yourself and one for your household).   
 Self Household 
No income 
      
  
$1-$119 per week ($1-$6,239 annually) 
 
  
$120-$299 per week ($6,240-$15,999 annually) 
 
  
$300-$499 per week ($16,000-$25,999 annually) 
 
  
$500-$699 per week ($26,000-$36,999 annually) 
 
  
$700-$999 per week ($37,000-$51,999 annually) 
 
  
$1,000-$1,499 per week ($52,000-$77,999 annually) 
 
  
$1,500 or more per week ($78,000 or more annually)   
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Don't know 
 
  
Don't want to answer 
 
  
Household income is the same as mine   
 
E11. How many people (including yourself) are dependent on this income? (Please shade 
one).  
 
One 
(self) 
Two Three Four Five Six or more 
      
 
E12. In the past 12 months, due to shortage of money, have any of the following happened?  
(Please shade one response on each line). 
 
 
Yes No Don’t know 
Prefer not 
to say 
You have not been able to pay 
gas, electricity or telephone bills 
on time? 
    
a.  You could not pay the mortgage 
or rent on time?  
    
b. Adults or children have gone 
without meals? 
    
c.  You have pawned or sold 
something? 
    
d. You have sought assistance from 
centrelink or community 
organisation? 
    
e. You had financial limits on the 
type of food you could buy? 
    
 You have been unable to heat 
or cool your home? 
    
 
E13. Which of the following best describes your housing situation?  (Please shade all that 
apply) 
 
Living with parents/family  
Living by myself  
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Living with partner/spouse  
Living with flatmates/ friends  
Living with children  
Other, please specify below  
  
 
  E14. How many children live with you? (Please shade one) 
 
0  
1  
2  
3  
4 or more  
 
E15. How many adults live with you? (Please shade one) 
 
0  
1  
2  
3  
4 or more  
 
Thank you very much for your participation in this 
important study  
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Appendix 3H. Evaluation 
study - FoodNow app and 
Sensewear instruction 
booklet 
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ID: __________ 
 
Measuring Eating in Everyday Life Study 
 
 
INFORMATION & INSTRUCTIONS FOR PARTICIPANTS 
We are interested in understanding the way people eat in everyday life including the 
different meals and snacks people consume. Understanding the types of meals and snacks 
people eat, and the timing of the meals throughout the day is important to be able develop 
healthy eating messages.  
This project will help us understand meal patterns and eating behaviours of Australian 
adults, assisting in the development of healthy eating messages to improve nutrition in this 
population. 
Please return this booklet to project staff when you return to Deakin University on: 
    ______________________________________________________ 
Meals Study Contact: 
Jemma Merritt (Project Manager) 
Phone: 03 9246 8283 
Email: meals@deakin.edu.au 
 
 
FoodNow App 
We would like you to use the FoodNow app to keep a diary of everything you eat and drink 
over the following 4 nominated days: 
Day 1:_______________________________ 
 
Day 2:_______________________________ 
 
Day 3:_______________________________ 
 
Day 4: _______________________________ 
 
For each eating occasion on your 4 nominated days please use the FoodNow app to record 
all the food and drink consumed (including the amounts and description.) Please give us as 
much detail as you can. 
It is very important that you do not change what you normally eat and drink as we are 
interested in understanding your everyday eating patterns. 
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Downloading the FoodNow App 
Android Phone 
Before downloading the FoodNow App please ensure that your phone settings 
have: 
• Push notifications ‘enabled’ 
• Third party applications ‘enabled’ (on some phones this is called ‘allow 
installation of apps from unknown sources’) 
Note: the location for these settings may be in different places on different phones. 
When done, you can download and install the FoodNow app onto your phone by 
typing the following URL into the internet browser on your phone:  
http://mobile.healthnow.com.au/FoodNow.apk 
 
iPhone 
The FoodNow App can be downloaded from the App Store on your phone. 
• Click on the App Store icon on your iPhone 
• Search in the App Store for “FoodNow” 
• Click “install” 
• Click “open app” 
 
Once you have downloaded the FoodNow App please ensure that your phones 
push notifications for the FoodNow App are all ‘enabled’. To do this 
• Tap on the Settings 
• Tap on Notification Centre 
• Tap on FoodNow  
• Ensure that the Alert style selected is ‘Alerts’ 
• Ensure that the following are activated: 
o Badge App Icon 
o Sounds 
o Show in notification Centre 
o Show on Lock Screen 
Logging in 
 
Once you have downloaded the FoodNow app you will need to login. You should 
only need to login once. 
 
Username: _______________________________ 
 
Password: ________________________________ 
 
If you have any problems downloading the FoodNow app onto your phone please 
call the MEALS study team on (03) 9246 8283. 
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Taking photos of your food/beverage 
When entering a new meal/snack you will be prompted to take some photos. 
Please follow these guidelines: 
• Make sure  the whole plate, bowl, cup or dish is in the image  
• Make sure the MEALS reference card is also in the image 
                               
• Make sure all of the foods  and beverages that are being consumed are visible in the 
image 
o Uncover items: Foods such as sandwiches & wraps need to be opened up & 
ingredients exposed in the image 
o For items like lasagne & casseroles, where opening the food is not possible 
be sure to provide a written description and voice recording of the foods. 
• At the beginning of the meal/snack take 2 photos; one from  45° and one from above  
(see example below) 
                    
                       Photo at 45° angle view                      Photo from above        
• Remember if the photo doesn’t turn out clear, just take another one!          
• You will also be prompted to take a photo of any leftover foods and beverages when 
you answer the post-meal questions. 
Tips for describing your food/beverage 
After taking photos of your food/beverage the FoodNow app will prompt you to 
describe your food through written description & voice recording. Please include 
as much information as possible for example: 
• What the dish is called and the main ingredients 
• Any additions to the food (eg fats, oils, sugar/sweeteners, sauces, salt) 
• Cooking methods (fried, grilled, baked, roasted, boiled etc) 
• What sort of oil or fat was used for baking, frying etc 
• Give brand and full name of products where possible 
• You will also be asked to provide information about the amount of 
food/beverage consumed  (e.g. using household labels, weights from 
packet labels, your own best estimates etc). 
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• If you are eating a recipe with a lot of ingredients (e.g. bolognese, stir-fry) 
please describe the main ingredients as best you can. When entering the 
amount of food eaten, please describe the total amount of the mixed dish. 
 
Food/Drink Description & Preparation Amount 
Home made 
dishes 
Please say what the dish is called 
and the main ingredients including 
amounts. 
Cups, slices, 
grams, mls, 
tablespoon etc. 
Ready made 
meals 
What sort e.g. pizzas, microwave 
dishes etc. Plesae include brand 
name and title of meal. 
Weight from 
packet. 
Meals eaten 
away from 
home 
What sort e.g pizza, chinese, fish & 
chips etc. Please say what the dish 
is called and give ingredients where 
possible. Give the name of the 
restaurant if it is a well known 
chain. 
Estimate (e.g  1 
cup of salad) or 
use serving sizes 
from restaurant 
(e.g. medium 
serve of fries). 
 
Examples 
FoodNow will ask you to describe your meal in a list format. The following screen 
will then ask you to provide the amounts of the foods you listed (see below). 
Remember to include as much information as possible. 
Example 1:  Tuna salad and a glass of lemon cordial 
 
                     
 
 
Tell us about food/drink 
consumed 
How much did you consume 
Food 1: Spinach leaves, raw 
Food 2: Carrot, raw 
Food 3: Cherry tomatoes, raw 
Food 4:  Celery, raw 
Food 5: Cucumber, raw 
Spinach leaves: 2 cups 
Carrot: 1, chopped 
Cherry tomatoes: 6 
Celery: 1 stick chopped 
Cucumber:  10 slices 
Chapter 9: Appendices 
 
373 
 
Food 6: Greeseas tuna in spring 
water 
Food 7: Praise Italian Dressing 
Food 8: Cottee’s lemon crush 
cordial 
Greenseas tuna in spring water: 
95g 
Praise Italian dressing: 30ml 
Cottee’s lemon crush cordial: 
300ml made with water 
 
Example 2:  Ham, cheese and tomato sandwich and a glass of water 
 
                    
 
 
Tell us about food/drink 
consumed 
How much did you consume 
Food 1: Helga’s Wholemeal Grain 
bread  
Food 2: Coon Light Tasty Cheese  
Food 3: Ham, Virginia, shaved 
Food 4: Tomato  
Food 5: Flora Original Margarine 
Food 6: Tap water 
Helga’s multigrain bread:  2 thick 
slices 
Cheddar cheese: 2 thick slices 
Ham: 2 slices 
Tomato: 4 thin slices 
Margarine (flora): 2 tsp 
Tap water: 300ml  
 
 
Example 3: Spaghetti bolognese 
 
                    
 
 
Tell us about food/drink 
consumed 
How much did you consume 
Food 1: Bolognese sauce Bolognese sauce:  1 cup 
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Food 2: Spaghetti, while, boiled 
Food 3: Mille  parmesan cheese 
Spaghetti, white, boiled: 2 cups 
Mille parmesan cheese: 1 tbs 
 
Example 4:  Pork stir-fry and a glass of soft drink 
 
                     
 
 
Tell us about food/drink 
consumed 
How much did you consume 
Food 1: Stir-fry pork & 
vegetables with oyster sauce 
(carrot, onion, capsicum, 
zucchini, broccoli) 
 
Food 2: Rice, white, boiled 
Food 3: Coca-Cola  
 
Stir-fry pork & vegetables with 
oyster sauce (carrot, onion, 
capsicum, zucchini, broccoli): 1.5 
cups 
Rice, white, boiled: 1 cup 
Coca-Cola: 1 can  
 
Where can I get help with the Food Now App? 
There are FAQ’s within the app, which should answer most of your questions. If 
you have any further questions regarding the FoodNow app please contact the 
MEALS study team at meals@deakin.edu.au or  
 (03) 9246 8283. 
 
If you are having problems with the FoodNow app crashing please follow the 
following steps: 
 
Android: 
• Please close the FoodNow app 
• Re-start the phone 
• Re-launch the FoodNow app 
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If restarting the FoodNow app does not fix the issue please report the following 
information to the MEALS Study team at meals@deakin.edu.au. 
• Manufacturer and type of phone (e.g. HTC One XL, Samsung S3 etc.) 
• The version of the software, this is available from: Apps-> Settings -> About 
Device -> Android Version (e.g. 2.3, 4.1, 4.3 etc.) 
 
iPhone: 
• Please close the FoodNow app. This is done by pushing the menu button twice, 
view the running applications list, and slide “up” on the FoodNow app to close it 
• Re-start the iPhone 
 
If restarting the FoodNow App does not fix the issue please report the following 
information to the MEALS Study team at meals@deakin.edu.au. 
• Type and model of phone (e.g. iPhone 4, 4s, 5 etc.) 
 
SenseWear Armband 
How to Wear the SenseWear Armband 
 
This Armband records movement, skin temperature, heat flux and galvanic skin 
response. Combined together, this information allows us to estimate how much 
energy you use during the day. We will not be able to tell what kind of specific activity 
is happening, just that you are moving. 
 
 It is extremely important for our study that you wear the Armband correctly. If it is not 
worn properly, you may be asked to wear it again. Please follow the instructions 
below. 
 
 
• The Armband is worn on your upper left arm, with the logo at the top.  The sensors must be 
in contact with your skin for it to work properly (see picture). 
 
• Adjust the strap so it fits comfortably, and secure using the Velcro pull tab.  
 
• To remove the Armband, simply slide it on and off your arm by stretching the strap. 
Chapter 9: Appendices 
 
376 
 
 
• There is no ‘on’ or ‘off’ switch on the Armband. It will start recording within 10 minutes after 
contact with the skin.  
 
 
 
 
• You may hear audio tones from the Armband when you start wearing the monitor and 
when you remove it. This is normal, and indicates that the monitor is working 
properly.  
 
• Please wear the Armband as much as possible (up to 23 hours a day). It is safe to wear 
whilst asleep, and during most sporting activities. 
 
• DO NOT SUBMERGE THE ARMBAND IN WATER (e.g. swimming, bathing). Remove the 
monitor before showering, bathing etc. and put it back on afterwards.  
 
• It is recommended that the Armband is removed for 1 hour a day. During this time, 
clean your arm and the back of the Armband. To clean the sensors, wipe with a soft, 
damp cloth. 
 
• While wearing the Armband, please avoid using skin lotions, sunscreen and 
moisturisers in this area. This may damage the monitor.  
 
• Do not wear the Armband if the skin on your upper left arm is damaged (e.g. sores, 
sunburn).  
 
• There is a small risk of skin irritation from wearing the Armband. Skin irritation can be 
settled down by removing the Armband for a few hours and cleaning the sensors as 
described above. If you experience skin irritations from the monitor, please follow 
these steps and if you have any concerns, please contact the research team for 
assistance. 
 
SenseWear Armband Record Sheet 
 
If you remove your SenseWear Armband at any time please record in the table below the 
times you removed the Armband and the reasons for this removal.  
 
Please return this record sheet to the research team, with this booklet at your second visit. 
 
Date Time Reason for 
removal 
Duration 
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e.g. 27/07/14 8pm Shower 20 minutes 
    
    
    
    
    
    
    
    
    
    
    
 
 
Thank-you for your participation in this important study 
Please don’t hesitate to contact us if you have any questions regarding the FoodNow app, 
SenseWear monitor or any other aspect of this study. 
 
Jemma Merritt (Project Manager) 
Phone: 03 9246 8283 
Email: meals@deakin.edu.au 
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Appendix 3I. FoodNow app 
overview
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A summary of the app content is provided in the following sections and 
tables. Table 3I.1 provides a screen by screen description of the questions 
participants were required to complete whilst reporting an eating occasion. Table 
3I.2 provides a screen by screen description of the questions participants were 
required to complete post meal, while Table 3I.3 provides a screen by screen 
description of the questions participants were required to complete the day 
following an active reporting day. The FoodNow app contained a range of 
frequently asked questions, these can be found in Table 3I.3. While the reminder 
and prompt pop-ups that were sent by the FoodNow app to encourage 
participant use can be found in Table 3I.4.  
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Table 3I.1 Screen sequence of the FoodNow app – Entre a new meal or snack 
FoodNow Smartphone Application Screen 
Login screen 
SCREEN 1 
Select date for meal or snack 
 
Select a day from the list to start adding your meals and snacks : 
 
<<Mon 19th May 2014 - new >> 
<<Wed 21st  May 2014-  new>> 
<<Fri 23rd May 2014 - new>> 
<<Sun 25th May 2014 - new>> 
 
SCREEN 2 
Upload photo 
 
Please take a picture of your food or drink. 
Make sure the whole plate, bowl, cup or dish and the MEALS photo card is in the picture  
 
Capture Phone 
Use existing photo 
(picture of photo) 
Upload photo 
 
< Pop up> 
Upload: 
Your photo has been uploaded. Would you like to upload another? 
No or YES 
 
SCREEN 3 
Tell us about the food or drink you consumed. 
Please type your foods in the text boxes provide. You can also record a voice message 
 
Remember to tell us as much as you can about the food such as: 
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the type of food and the way it was cooked 
the brand of the product 
the main ingredients and any extras or additions to the food such as sauces, gravy, sugar or 
honey, butter or margarine and oils 
 
Record Audio 
Start Recording 
Stop Recording 
Play 
 
Food 1: (text box) 
Food 2: (text box) 
Food 3: (text box) 
Food 4: (text box) 
Food 5: (text box) 
 
+ Add Food 
 
Have you told us about everything you are eating/ drinking? 
Next 
 
SCREEN 4 
How much of the food did you consume? 
 
Tell us the amount in cups or spoons or in serves (e.g 1 piece or 1 slice). 
 
 
 
 
 
 
 
 
Next 
“food description 1”   
“food description 2”   
“food description 3”   
“food description 4”   
“food description 5”   
SCREEN 5 
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Time 
What time (AM or PM) did you start eating? 
<<Time picker>> 
 
NOTE: 
(Time picker prompts current time and you can alter it) 
 
Next 
SCREEN 6 
How would you describe this eating occasion??  
 
Breakfast                                       
Brunch                                       
Lunch                                       
Dinner                      
Supper                                      
Morning tea                                          
Afternoon tea                                          
Snack                                              
Beverage or drink break  
Other                                             
(Text box for ‘other’) 
 
Next 
SCREEN 7 
What type of place you were at during this eating/drinking occasion? 
 
Home                                       
Work                                       
University                                       
Friend/family’s home                      
Restaurant                              
Coffee shop/cafe                                      
Fast food venue                                          
Sporting venue                                          
In transit (car, train, tram, bus)                                              
Other                                             
(Text box for other) 
 
Next 
SCREEN 8 
Who were you with while eating/ drinking? 
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You can select up to 3 answers 
 
By myself                                       
With friends                                       
With my partner                      
With my children                              
With other family members                                       
With work colleagues                                      
With other Uni students                                          
Other                                             
(Text box for ‘other’) 
 
Next 
 
Pop up screen appears if you try to select more than 3 items 
 << Alert you can only select 3 OK>> 
SCREEN 9 
What were you doing while eating/drinking? 
You can select up to 3 answers 
 
Nothing else, just eating                                       
Watching TV/movies/cinema                                       
Using the computer                                       
In transit (car, train, tram, bus)                      
Talking/texting on phone                              
Visiting or socialising with 
friends/family 
                                     
Reading/studying                                          
Playing sports  
Other                                             
(Text box for ‘other’) 
 
Next 
 
Pop up screen appears if you try to select more than 3 items 
 << Alert you can only select 3 OK>> 
SCREEN 10 
Where was this food or the main ingredients for the meal purchased from? 
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Large supermarket  
(Coles, Woolworths, IGA, Foodworks) 
                                      
Canteen 
(e.g. university/school/work canteen) 
                                      
Fast food/ take away shop                                       
Restaurant/ café/ bar/club                                       
Local grocery store  
Speciality shop 
(butcher, bakery, green grocer, 
delicatessen) 
                                      
Food marker  
Convenience store/ milk bar/ service station  
Vending machine                                       
Not sure                      
Other                                             
(Text box for ‘other’) 
 
Next 
SCREEN 11 
Who purchased the food/ ingredients? 
 
I did                                       
Parents/family                                       
Friend (s)                                       
Partner                      
Workmates  
Not purchased/free  
Other                                             
(Text box for ‘other’) 
 
Next 
SCREEN 12A 
Was the food homemade? 
By homemade we mean made at home and not purchased from a shop 
 
Yes                                       
 No                                       
 
Next 
SCREEN 12B 
 Who was it made or prepared by? 
 
By myself  
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Parents/family  
My partner  
Friend (s)  
My children  
Other  
(Text box for ‘other’) 
 
Next 
SCREEN 12C 
How long did the food take to prepare? If unsure, enter not sure. 
 
 
Less than 10 mins  
10 to 20 mins                                       
20 to 30 mins      
30mins to 1 hour                                       
1-2hrs                                       
More than 2hrs                                       
Not sure                      
 
Next 
 
SCREEN 12D 
What method of cooking was used for the preparation of the food? 
 
Fresh/raw – no cooking was required  
Cooking in an oven 
                                      
Microwave cooking                                       
Cooking in a frypan/pot                                       
Toasting    
Adding hot water    
Deep frying                                       
BBQ                              
Slow cooking                                      
Not sure                                          
Other                                             
(Text box for ‘other’) 
 
 
 
Next 
 
END SCREEN 
Thank you for answering these questions. 
Remember to also complete the 2 short questions after you’ve finished eating your meal. 
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Table 3I.2 Screen sequence of the FoodNow app – Post meal questions 
OPENING SCREEN 
Select date for meal or snack 
Select a day from the list to complete your post meal data capture 
<<6th May 2014 - new >> 
<<8th May 2014-  new>> 
<<10th May 2014 - new>> 
<<12th May 2014 - new>> 
 
SCREEN 1 
Did you eat all the food in the meal? 
Yes                                       
No                                       
 
If No,  
Tell us which foods you left and how much of each food you left or didn’t eat?  
(Text box) 
 
If possible, please take an additional picture of any leftover food or drink. Make sure the 
whole plate, bowl, cup or dish and the MEALS reference card is in the picture. 
 
Capture Phone 
Use existing photo 
(picture of photo) 
Upload photo 
 
END SCREEN 
Thank you for answering these questions 
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Table 3I.3 Screen sequence of the FoodNow app – Following day questions 
OPENING SCREEN 
Thinking about yesterday, what time           
did you ….. 
 
Wake-Up? 
<<TIME PICKER>> 
 
Get to Sleep? 
<<TIME PICKER>> 
 
SCREEN 1 
Was the amount of food you consumed yesterday….? 
About the same as usual  
Less than usual  
More than usual  
Don’t know  
 
SCREEN 2 
Did you take any supplements yesterday? This includes any vitamins and minerals 
(capsules, liquid, powder etc.) 
Yes                                       
No                                       
 
If Yes, what type of supplement and how many or how much? 
 
 
 
+ Add more 
Supplement name & amount  
Supplement name & amount  
END SCREEN 
 
Thank you. Your data has been saved 
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Table 3I.3 Screen sequence of the FoodNow app – Frequently asked questions 
OPENING SCREEN 
1. I have taken a picture but want to take a different one, how do I do this? 
 
When you take a picture, a prompt will pop up asking you if you would like to 
keep this picture (tick)  or take a new one (back arrow). Press the back arrow 
and your original picture will be discarded and you will be able to take another 
picture.   
 
Once you are happy with your picture press the tick and then press ‘upload’. 
SCREEN 1 
2. How do I record a voice message? 
 
You will be prompted to record a voice message after you have taken a picture. 
To record the audio message, press ‘start recording’ and when you have 
finished recording, press ‘stop recording’.  
 
You can press the ‘play’ option to listen to your message. If you want to re-
record, then press ‘start recording’, and this will record over your last message. 
SCREEN 2 
3. If I record a voice message, do I still need to answer the questions? 
 
Yes, please answer all questions as best you can.  
SCREEN 3 
4. Do I need to answer every question for every eating or drinking occasion? 
 
Yes, please answer all questions as best you can.  
SCREEN 4 
5. What if I don’t know the answer to one of the questions? (e.g. method of 
cooking used) 
 
Just answer as best as you can or select “Unknown”  
SCREEN 5 
6. What if I forget to enter some food or drinks? 
 
You can go back and select each day and enter any forgotten foods or meals. A 
reminder message will also appear at the end of the day to check if you have 
forgotten to enter any foods or meals.  
SCREEN 6 
7. What if I am eating out at a restaurant, can I complete the meals diary for 
this meal at a later time? 
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Yes, you can use your phone to take photos of your meal and photos of any 
leftovers. You can then complete the meals diary for this meal at a more 
convenient time. 
 
However, we ask you to enter the data as close to the time it is eaten as 
possible as it can be hard to remember everything that you ate in the past and 
it is easy to make mistakes or leave things out. 
SCREEN 7 
8. What if I am eating a recipe with a lot of ingredients (e.g. bolognese, stir-
fry?) 
 
Please describe the main ingredients of the meal as best you can. When 
entering the amount of food eaten, please describe the total amount of the 
mixed dish (e.g. 2 cups of cooked pasta and 1 cup of bolognese sauce). 
SCREEN 8 
9. What if I have a second serving of food? 
 
If you have a second serving of food we ask that you treat this as another entry 
and complete the meals diary again for this second serving. 
SCREEN 9 
10. If I sip water throughout the day, how do I enter this?  
 
If you sipped water or another drink or beverage throughout the day, enter this 
as one occasion (one for each type of beverage) at the end of the day.  If you 
drank more than one cup of water in one occasion, enter this as a single entry. 
If you consumed a beverage with other food, enter this with that meal. 
SCREEN 10 
11. Can I enter data based on memory from a previous day or week? 
 
We ask that you enter the data as it occurs. The reason for this is that it can be 
hard to remember everything that you ate in the past and it is easy to make 
mistakes or forget foods that have been eaten.  
SCREEN 11 
12. What happens if I miss one of my allocated days? 
 
If you miss an allocated day you will be assigned another, new day to record the 
foods you eat on that day. You will receive a reminder message informing you 
of your new day 
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Table 3J.1 Reminder Messages/ Pop-ups found in FoodNow 
 Reminder Text Reminder Title/Explanation 
1 Remember to use “FoodNow” tomorrow to 
take photos and describe everything you eat 
and drink during the day, from when you wake 
up, until you go to sleep. 
Night before reminder: 
[This is a reminder that they 
need to record all food and 
drink from the time they wake 
up in the morning.] 
2 Don’t forget you have a few quick questions still 
to answer once you finish your meal 
[If the ‘post meal’ questions 
have not been answered after 
a 30minutes of entering a 
meal, the following message 
will be sent to the participant.] 
[During waking hours only] 
 
3 
Have you have had any food of drink in the last 
three hours?  
Please tell us what you ate or drank by using 
the “new meal/snack” option 
[If no meals or snacks are 
recorded within a three hour 
period, the following message 
will be sent to the participant.] 
[During waking hours only] 
 
4 
Are there any foods or drinks that you forgot to 
record today?  
Such as crackers, biscuits, nuts, chocolate, 
sweets, coffee, tea, soft drinks or water? 
Please look over the foods and drinks you 
consumed and enter any forgotten foods or 
drinks now. 
[At the end of each recording 
day (time to be determined), a 
reminder screen and message 
will appear] 
 
 
5 Please remember to answer the few quick 
questions in the ‘Following Day Questions’ 
section about yesterday.  
A reminder the following 
morning (after the meal 
recording day) to go and 
answer the ‘following day 
questions’ 
 
6 
 
Reminder that TODAY is your food recording 
day. Please describe everything you eat and 
drink throughout today. 
Sent at 7 am on the morning of 
reporting day. No sound 
however the alert needs to be 
actively scanned / removed 
from the screen. 
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Appendix 3J. Dietary 
coding manual 
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1. Introduction 
This document will help explain how to use the Digest coding database to code data 
collected in the MEALS Study. The digest coding database was designed to transform both 
text and photo data from participants who have self-recorded their eating occasion over a 
period of four days. By coding this data using Digest we will get a numerical output of both 
macro and micro nutrients.  
 
2. Opening database 
 
Use the following link to open the Digest coding database 
 
https://digestapp.xyz 
 
3. Logging in 
Username –  
Password –  
 
You will be greeted by a somewhat blank screen 
Click on the three parallel lines in the top left corner 
 
 
 
4. Navigating Digest 
Where ever you are in Digest you can always click on the three parallel lines in the top left 
corner.  
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This will give you a side menu   
 
 
5. Coding Data 
Click on the “Surveys” tab in the side menu 
You will be directed to a page with multiple pictures in small squares and a search bar across 
the top.  
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5.1. Searching for a participants data 
Whilst in the “Surveys” tab 
Search for your participant in the search bar across the top e.g. 1001 
This will bring up the entries from this participant only.  
 
 
 
5.2. Colour coded pictured 
Initially all pictures will have a blue boarder. This blue boarder indicates that nothing has 
been coded within this entry. 
After an entry has been fully coded the boarder will change to green. 
If the entry has any item within it that has been flagged the boarder will be orange. 
 
 
Click on an individual picture to view this entry in more detail.  
 
 
 
5.3. Overview of Entry 
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Each entry has the participant number, date and time across the top. You can use this 
information to match the data in the FoodNow app backend if need be.  
 
There is then four columns on the page.  
Description, Match, Measure and Quantity 
 
Description is the text that the participant has entered into the FoodNow app. E.g. maltesers 
(40g) 
 
Match is the code from the AUSNUT database that the coder will match to the product in 
the description column. 
 
Measure is the portion of the food e.g. packet (regular, individual). The drop down menu is 
different for every food product and will not be visible until you have entered a match in the 
match column.  
 
Quantity Is the amount of the food consumed. This column always has to be numerical. 
(Decimal) 
e.g. 0.25 if only a quarter of the packet was eaten.  
This measure is always in reference to the measure column. E.g. if you had selected single 
malt ball and put in 0.25 this would mean they only ate 0.25 of one malt ball compared to 
0.25 of a packet.  
 
5.4. Notes section 
There is a Notes section at the bottom of the page which can be used to document problems 
or issues for further consideration.  
 
5.5. Adding a new line 
You can add a new line to Meal Data. This would be needed if the participant had reported 
two things on the same line. E.g. Banana and Apple. 
These need to be coded separately and therefore need their own line. To add a new line 
click on the “+” icon present under the picture box. The new coding line will appear below 
the initial line. You can now code the top line as the banana and code the second line as the 
apple. You will need to write apple in the description column. 
 
 
5.6. Saving data 
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You have two choice when saving data within Digest. The first is when you are 100% happy 
with the Match, Measure, and Quantity columns. To save this kind of data click on the tick 
present on the right hand side of the line. This will make this row green and means that it 
does not need review. The second option you have is to click the flag icon. This implies that 
you are not 100% of your Match, Measure or Quantity and you believe that it needs revision. 
The flag icon will turn the row orange.   
You will need to click either the tick or flag icon to save this row of data.  
You might also make a note in the notes section to confirm which item or column you need 
to check on.  
 
5.7. Adding a “Match” 
When you match the participant’s description of their food with an item in the match 
column you are coding this food with the AUSNUT code for that food item. It draws on the 
nutritional information previously provided for this food item and will be added to the total 
consumption of that participant. It is important to match each food item as close as possible 
as regular/multiple mistakes can result in a misrepresentation of the participants nutritional 
consumption both macro and micro. 
 
When you click on the match column a blue line appears indicting that the field is active. You 
can then type something into the column e.g. Apple a drop down menu will appear which 
has every code available with the word ‘apple’ in it. You can scroll through this list to find the 
most correct match e.g. Apple, granny-smith, unpeeled, raw 
 
If you have an item that has a brand name in it e.g. Kellogg’s Special K and there is no code 
for this item. You can look it up in an additional excel spreadsheet “AUSNUT Data Coding – 
Food Details, Consumption MERGED” 
 
L:\meals\CRGS2013\Data\Coding database 
 
Once this spread sheet is open simply search for the word Kellogg’s (Ctrl + F) and all 
breakfast cereal made by Kellogg’s will be found. Special K should have its own code. This 
can also help if the drop down list is super long and you want to check what is exactly 
included or excluded by each code. This information is included in this spreadsheet. Example 
below.  
 
Food ID Survey ID Food 
Derivation 
Food 
Name 
Food 
Description 
Inclusions Exclusions 
       
02C20303 13104005 Analysed Biscuit, 
sweet, 
sandwich, 
cream & 
Commercially 
prepared, 
non-
chocolate 
Monte 
carlos, 
Coles 
raspberry 
All other 
sweet 
biscuits 
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jam filling, 
commercial 
flavoured 
sweet biscuit 
sandwiched 
with jam and 
sweetened 
creamy 
filling. 
and 
creams, 
White 
wings 
creamies 
raspberry 
jam & 
whipped 
cream, 
White 
wings 
creamies 
lemon & 
whipped 
cream 
 
5.8. Things that can help with coding 
The participants were asked to take photos of all eating occasions, in additional to their text 
responses. These photos are shown in the top right corner of the page. These can be clicked 
on to enlarge.  
Participants could also provide a voice recording for any additional information regarding 
their eating occasion. These can be viewed as a little set of head phones underneath the 
photo. Click on these head phones to listen to the voice recording.  
 
Additional information regarding meal choice, homemade, cooking method and cooking 
time can be found in grey boxes across the top of the page. These can be used to help code 
and find appropriate matches for descriptions.  
 
5.9. Adding a “Measure” 
Once a Match has been entered for a description the measure drop down menu should be 
active. When you click on this box a blue line will appear this means the box is active. By 
clicking on the arrow a drop down menu should appear. This will have multiple options that 
you can pick deciding what the best portion would be for each description e.g. for an apple 
could choose “medium” 
 
5.10. Adding a “Quantity” 
After both a Match and a Measure have been entered a numerical value needs to be placed 
in the Quantity column. This number needs to be in whole numbers or decimals. Fractions 
will not work. This number acts to multiple the nutritional composition as to the quantity 
that was consumed e.g. 2 medium apples.  
 
5.11. Unclear descriptions 
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As the data from MEALS was self-reported there are a few times when the participants may 
not have provided as much detail that we might need / want to help us code as accurately as 
we would like.  
In some instances there is an option for not further defined. So if you have a description for 
a peeled apple you could code it as “Apple, peeled, raw, not further defined” as you don’t 
have the information code it as a certain colour. It is best to not assume anything for any 
coding. 
 
Another way we could decide what code to use would be to look at the two codes that the 
description might match too and see which option was more commonly consumed in the 
Australian Health Survey. This information can be found in the “Consumption” tab in the 
AUSNUT Data Coding – Food Details, Consumption MERGED” database.  
 
L:\meals\CRGS2013\Data\Coding database 
 
Example – Participant has written 12 roasted cashews.  
This could be coded as either Nut, cashew, roasted, salted OR Nut, cashew, roasted, 
unsalted as the participant did not specify if the cashews were salted or not.  
Nut, cashew, raw, unsalted 46 32.23913 
Nut, cashew, roasted, salted 149 33.57114 
 
Data from the consumption tab indict that salted cashews are more common (149) than 
unsalted cashews (46) when they are roasted therefore we would code these cashews as 
salted. 
 
6. Search tab on side Menu 
The search tab is all the information from the AUSNUT database that the calculation are 
based on to formulate the total macro and micro nutrient intakes. You can go into this 
section if you wish to search for an individual code as see what its details are. You can also 
see all the codes for a particular food type all in one location.  
 
If you type “apple” in the search bar in the top right hand corner and click on the magnifying 
glass all codes with “apple” will be shown. You and then click on an individual l code e.g. 
Apple, granny-smith, unpeeled, raw 
 
Chapter 9: Appendices 
 
399 
 
 
 
You will be given a brief overview of what this codes both includes and excludes, a nutrition 
panel and then more details over the different measures that it offers in its drop down 
menu. 
This is the same information that can be found in the excel spreadsheet however it is much 
easier to search in the excel spreadsheet then it is in Digest.  
 
7. Downloading data output 
Once all coding has been completed the nutrient output can be downloaded from DIGEST. 
This is done by selecting the “Import & Export” tab in the drop down menu on the right hand 
side.  
 
You can then select EXPORT and an excel CSV document will down load.  
 
8. Protocol for NUTRIENT output cleaning 
Once food intake data has been used to calculate nutrient intakes, then data can be checked 
for outliers which may indicate invalid reporting or data entry errors. 
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a. Need to check that nutrient data has been imputed for all coded food 
descriptions 
b. Range checks (ie. identifiying minimum and maximum) on values for 
macronutrients (energy, protein, fat, carbohydrate) and other nutrients (fibre, 
iron, calcium, folate, b-carotene). 
c. These checks will be done on individual day data (not averaged data). 
d. Values ± 3SD will be considered extreme and recalls checked for those subjects 
to identify source of error.  
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Appendix 3K. Sensewear 
wear time calculations
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Sensewear wear time calculations 
To date, no studies have reported the number of days required wearing the 
SWA to reliably determine free-living total EE in young adults. Therefore, 
reliability was estimated for total EE using the Spearman-Brown prophecy 
formula. An ICC value was computed using random valid days from each 
participant to eliminate possible biases associated with selecting particular 
days from which to run the reliability analysis. For each participant with ≥ 2 
valid days of data, a random number was assigned to each valid day. Five ICC 
values were calculated for total EE by comparing random, valid days with a) at 
least two days of data, b) at least three days of data, c) at least four days of 
data, d) at least five days of data, e) at least six days of valid data. The 
reliability analyses were run five times with different combinations of random 
days each time. These five ICC values were then averaged to give a final ICC 
value, which was used in the Spearman-Brown prophecy formula to 
determine the number of days of monitoring needed to achieve reliability of 
0.70, 0.80 and 0.90 (Table 3J.1). It is important to note that while the average 
values for two, three, four, five and six days were taken, the values that were 
averaged differed very little.  
Table 3J.2 shows the number of days of monitoring required to estimate 
reliably young adults’ free-living total EE. The number of days needed for 
reliable estimates of EE decreased as the daily wear time increased. To 
achieve a reliability of ≥0.9, 4.5 days of at least 11hrs/day wear time was 
required. Therefore five valid days of 11 hours wear time was set as the 
inclusion criterion for this study. Consideration of the sample size and the 
number of participants who would be lost to this criterion was also taken into 
account when selecting this inclusion criteria. Because of the high compliance 
of the participants (average wear time of 23 hours), this wear time criterion 
enabled a large sample size (n=84) to be maintained. These calculations were 
used in Chapter Three of this thesis to evaluate the most appropriate wear 
time cut point for the SenseWear armband in young adults aged 180-30 years.  
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Table 3J.1 Number of days of monitoring needed to reliably estimate total 
energy expenditure in young adults. 
No. of days needed to achieve reliability of 
 Single day 
ICC 
0.70 0.80 0.90 
8 hrs 0.5844 1.7 2.8 6.4 
9 hrs 0.5734 1.7 3.0 6.7 
10 hrs 0.5190 2.2 3.7 8.3 
11 hrs 0.6673 1.2 2.0 4.5 
12 hrs 0.6719 1.1 2.0 4.4 
13 hrs 0.6618 1.2 2.0 4.6 
14 hrs 0.6810 1.1 1.9 4.2 
 
Table 3J.2 Number of hours of monitoring needed to reliably estimate total 
energy expenditure in young adults. 
 No. days Included 
(n) 
Excluded 
(n) 
% valid 
8 hrs 5 90 0 100 
9 hrs 5 87 3 96.7 
10 hrs 5 85 5 94 
11 hrs 5 84 6 93 
12 hrs 5 83 7 92 
13 hrs 5 82 8 91 
14 hrs 5 82 8 91 
 
Chapter 9: Appendices 
 
404 
 
 
 
Appendix 4A. Qualitative 
study - Safety plan
Chapter 9: Appendices 
 
405 
 
As per requirements of Deakin University, a safety plan was developed and 
implemented in the qualitative study outlined in Chapter Four of this thesis.  
 
Qualitative study – safety plan 
A safety plan has been devised for both on and off campus and within and outside 
work hours.  
1. Researcher A will email both researcher B (RB) and/or Principle Researcher (PR) 
the interview day, start and finish time and location of interview.  
2. Researcher A will SMS/ email (RB or PR) when she starts and finishes the 
interview. 
3. If researcher A hasn’t contacted RB or PR within 30 minutes of the estimated 
finish time RB or PR will call researcher A. 
4. If cannot contact researcher A, RB or PR will wait another 30 minutes and call 
again. 
5. If there is no contact made, RB or PR to call researcher A’s partner. 
6. If still unable to contact, RB or PR to call the police 
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Appendix 4B. Qualitative 
study - Semi-structured 
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Eating Patterns Study – Interview Guide 
Introduction 
- Thank you very much for agreeing to take part in this research study and 
to share your thoughts and experiences regarding your eating patterns 
and potential influences on these eating patterns.  
- Please remember that we are not here to quiz you and there are no right 
or wrong answers, we are after your thoughts and experiences. 
- If you don’t understand a question please ask me to rephrase it or I can 
provide an example. 
- If there are any questions that you would prefer not to answer then please 
do not feel pressured to do so.  
- We can stop the interview at any time if you do not wish to continue.  
- I may take some notes during the interview and I will be recording the 
interview on this digital recorder as we discussed previously. This is so I 
can re-listen to the interview at a later time to analysis your answers more 
thoroughly.  
- At end the end of the interview I will ask you a few short demographic 
questions about yourself. These also are unidentifiable.  
- Do you have any questions? 
- Great let’s get started! I’ll just turn on the recorder.  
(Start recording 
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Table 4B.1 Semi-structured one-on-one interview content  
Interview questions 
Firstly we are going to talk about you and some of your eating habits – remember 
there is no right or wrong answer. I would like you to think about these questions all 
within the last week or two.  
 
1. Thinking about the last week can you tell me about the main meals you usually eat 
daily? 
(Probing questions used only if needed to gain more information from 
participant) 
- How many main meals do you eat a day? 
- What do you call them? 
- Do you eat certain foods at certain meals? Why? 
 
2. Can you think of a time when you didn’t eat one of these ‘usual’ main meals? Tell 
me about it? 
- Which meal was it? 
- How often does this happen? 
- Why do you think this happens? 
 
3. Thinking about the last week, can you talk me through your ‘usual’ weekday eating 
and drinking habits? 
(Prompt 1: (only if necessary) Tell me about how many times per day would you 
eat or drink, including water?) 
(Prompt 2: (only if necessary) Are some meals bigger than other meals?) 
 
4. Again thinking within the last week, can you talk me through your ‘usual’ weekend 
eating and drinking habits? 
(Prompt 1: (only if necessary) Tell me about how many times per day would you 
eat or drink, including water?) 
(Prompt 2: (only if necessary) Are some meals bigger than other meals?) 
  
5. Tell me about eating / drinking between these main meals? 
(Probing questions used only if needed to gain more information from 
participant) 
- What do you call these eating occasions? 
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- Do you eat between meals on every day? 
- Why do you eat between meals? 
- Does anything stop you from eating between meals? 
- Do you eat certain foods / drinks at these eating occasions? 
- Why? 
 
6. Tell me about why you think you eat in these patterns? (Provide examples of things 
mentioned above) 
(Prompt 1: (only if necessary) Is there someone/ thing in your life that influences 
why you eat like this?) 
 
Now we are going to think about some things that might help to shape eating patterns 
7. Tell us about where you eat most of your main meals, and who do you eat with? 
(Prompt 1: (only if necessary) Do you eat different food in different places, on 
different days?) 
(Probing questions used only if needed to gain more information from 
participant) 
- How does the location and company change from weekdays to weekend 
days? 
- You mentioned you eat at X, Y, Z, what other places do you regularly eat 
at? 
- How does the food change between different places? 
- You mentioned you eat with X, Y, Z, does the food change depending on 
who you are sharing it with? 
 
8. Tell us about where you eat most of your snacks, and who do you eat with? 
(Prompt 1: (only if necessary) Do you eat different food in different places, on 
different days?) 
(Probing questions used only if needed to gain more information from 
participant) 
- How does the location and company change from weekdays to weekend 
days? 
- You mentioned you eat at X, Y, Z, are there any other places you regularly 
eat snacks at? 
- How does the food change between different places? 
- You mentioned you eat with X, Y, Z, does the food change depending on 
who you are sharing it with? 
 
7. Tell me about who makes / prepares the food you eat? 
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(Probing questions used only if needed to gain more information from 
participant) 
- Do you share the cooking with anyone? 
- Do you have much influence on what is cooked for you? 
- Are these meals home cooked? Or bought elsewhere and warmed up at 
home? 
- How often do you buy take away or eat at restaurants? 
 
8. On a scale of 1-10 (one being extremely dislike and 10 being extremely like) how 
much do you like cooking? 
(Probing questions used only if needed to gain more information from 
participant) 
- Why is that? 
- What do you like about cooking? 
- What do you dislike about cooking? 
- How many times per week would you cook a main meal? 
- How much time would you allocate to cook a main meal? 
- Who do you cook for? 
- How do you decide what to cook? 
 
9. Can you tell me what you are having for dinner tonight? 
(Probing questions used only if needed to gain more information from 
participant) 
- What helped you to make this decision? 
- Do you have the ingredients or will you need to go shopping? 
  
10. Tell me about how you do the grocery shopping? 
(Prompt 1: (only if necessary) When you go shopping for food items what 
happens? 
(Probing questions used only if needed to gain more information from 
participant) 
- How many times a week would you go food shopping? 
- How many shops would you normally visit? 
- Is there any preparation or planning before you go shopping? 
- How do you decide what to buy? 
 
11. How do you decide which foods to eat as a main meal?  
(Prompt 1: (only if necessary) What helps you to pick between meal A and meal 
B? 
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12. How do you decide which foods to eat as a snack?  
(Prompt 1: (only if necessary) What helps you to pick between two similar snack 
products?) 
 
13. What has the biggest impact on your eating and drinking habits?  
(Prompt 1: (only if necessary) Is there someone/ thing in your life that influences 
what and when you eat?) 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO                                                                                                                                 
ID: 
 
 
Plain Language Statement  
Date:  
Full Project Title: Potential influences on young adult eating patterns 
Principal Researcher: Assoc. Prof Sarah McNaughton 
Student Researcher: Miss Felicity Pendergast 
Associate Researcher(s): Prof Tony Worsley 
 
1. Your consent 
You are invited to take part in a research project focussing on understanding 
eating patterns and how people eat in everyday life. 
This Plain Language Statement contains detailed information about the research 
project. Its purpose is to explain to you as openly and clearly as possible all the 
procedures involved in this project so that you can make a fully informed 
decision whether you are going to participate.  
Please read this Plain Language Statement carefully. Feel free to ask questions 
about any information in the document.  You may also wish to discuss the 
project with a relative or friend or your local health worker. Feel free to do this. 
Once you understand what the project is about and if you agree to take part in it, 
please sign the attached consent form. By completing the consent form, you 
indicate that you understand the information provided and that you give your 
consent to participate in the research project. You will be given a copy of the 
Plain Language Statement to keep as a record. 
2. Purpose and background 
The purpose of this project is to understand eating patterns and their potential 
influences among healthy young adults aged 18-30 years.  
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We are interested in understanding the way people eat in everyday life including 
the different meals and snacks people eat and what influences these eating 
occasions. These factors are important to be able to develop healthy eating 
messages. We are interviewing healthy young adults in a one-on-one semi-
structured interview to identify personal experiences and views on this topic. All 
interviews will be audio-recorded and re-written word for word in a word 
document after completion. No identifying information such as names will be 
used within the interviews.  
Thank you for registering your interest to take part in this project. A total of 30 
people will take part in this project.  
3. Funding 
Funding for this study is from an Australian Research Council (ARC) Discovery 
grant to Assoc. Prof. Sarah McNaughton and Prof. Tony Worsley. (DP 130100713 
Understanding meal patterns: developing the evidence-base for nutrition 
messages). 
4. Procedures 
Participation in this project will involve: 
Completing a one-on-one interview with someone from the study team. This 
interview may take place either over the phone or face-to-face and will take 
approximately 60 minutes. Interviews will not contain any identifying 
information about you personally, however they will be audio-recorded for 
further analysis by the research team.  
5. Possible benefits 
We cannot guarantee or promise that you will receive any direct benefits from 
participating in this project. 
Completion of this project will help us understand eating patterns and their 
potential influences among Australian young adults aged 18-30 years. This will 
help in the development of healthy eating messages aimed at improving the 
nutrition of Australians.  
6. Possible risks 
We do not anticipate any possible risks as a result of participation in this study.  
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However, if you do participate and find that you are uncomfortable or overly 
worried about answering any particular question, please feel free to not answer 
it. We can also stop the interview at any time if you feel uncomfortable and you 
do not wish to continue.  
If you complete the interview and are worried about your responses to any of 
the questions asked in the interview, the conduct of the interview or if you find 
participation in the project distressing, you should contact the Principal 
Researcher (Assoc. Prof. Sarah McNaughton on: 03 9251 7842) as soon as 
convenient. You will have the opportunity to discuss your concerns in a 
confidential manner.  
Should your concerns about your eating patterns become particularly elevated or 
distressing, please contact the Principal Researcher for contact details of services 
or psychologists providing specialised support. You may also like to contact a 
government or community organisation specialising in this area. You can contact 
Lifeline on 13 11 14 or the Eating Disorders Helpline on 1300 550 236.  
7. Alternatives to participation 
Participation in this study is entirely voluntary. If you do not wish to participate 
please contact the research team on (03)9246 8696 or email 
fpenderg@deakin.edu.au. 
8. Withdrawal from the study 
As mentioned above, participation is completely voluntary. If you wish to 
withdraw from the study at any point, please contact project staff.  
9. Privacy, confidentiality and disclosure of information 
Any information obtained in connection with this project and any that can 
identify you will remain confidential. It will only be disclosed with your 
permission, subject to legal requirements. In any publication, information will be 
provided in such a way that you cannot be identified. 
Any information we collect from you that can identify you will remain 
confidential and will be stored in a locked cabinet within the School of Exercise 
and Nutrition Sciences at Deakin University for a minimum of 5 years from the 
date of publication. Hard copies of interview notes and interview transcriptions 
will be stored in locked filing cabinets, and will be labelled by a unique 
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identification number, whilst audio recordings of the interviews will be stored on 
a password-locked computer only accessible by the Principal Investigators and 
Student Researcher. 
10. Results of the project 
Results of the project will be made available in newsletters that can be 
downloaded from the Centre for Physical Activity and Nutrition website 
(http://www.deakin.edu.au/hmnbs/cpan/index.php) at the end of the project. 
Once the project has been completed and all data has been analysed, the results 
will be published in health and nutrition journals along with both national and 
international conference presentations.  
11. Monitoring of the project 
No continual assessment or monitoring of you as a participant is required within 
this project. 
The Principal Investigator and researcher’s will have regular meetings to discuss 
the progress of the project and address any issues that arise with data collection, 
analysis and interpretation of results.  
12. Compensation 
Upon completion of the study, you will be given a $25 WISH gift voucher for your 
participation.  
13. Complaints 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you 
may contact:   
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, 
Burwood Victoria 3125, Telephone: 9251 7129, facsimile: 9244 6581, research-
ethics@deakin.edu.au 
Please quote project number: HEAG-H 154 _2014 
14. Further information, queries or any problems 
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I have read, and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to 
keep.  
The researchers have agreed that the audio-recordings and transcripts will not 
be used for anything other than the purpose of this project and will only be 
viewed by researchers and investigators of this project. The researchers have 
also agreed that all audio-recordings will be locked with a password on a secure 
computer, and hard copy questionnaires and transcripts will be stored in locked 
filling cabinets. 
Full Name (please print in full) 
…………………………………………………………….……………………  
Signature ………………………………………….………………….…… Date……………………………. 
Address (for mailing of voucher) 
…………………………………………..………….………….……………………………………………………. 
………………………………………………………………………………………………………………………… 
Please return the signed consent form in the reply-paid envelope.  
If you have any questions, please contact Felicity Pendergast on (03) 9246 8696 
or by email on fpenderg@deakin.edu.au    
 
Eating Patterns Study 
School of Exercise and Nutrition Sciences, Faculty of Health 
Deakin University 
Melbourne Burwood Campus, 221 Burwood Highway, Burwood, VIC 312
PLEASE SIGN HERE 
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ID:  
Eating Patterns Study 
Participant Form 
1. What is your sex:                                                                                        
Female ☐0             
Male ☐1 
 
2. What is your date of birth? 
    _____/____/19____             (dd/mm/19yy) 
 
3. In which country were you born? 
   ____________________________ 
 
4. Which of the following best describes your current relationship status? 
Living in a registered marriage ☐1 
Living in a de facto relationship ☐2 
Committed dating relationship or engaged ☐3 
Never married/single ☐4 
Separated/Divorced ☐5 
Widowed ☐6 
 
5. What is the highest qualification you have completed? 
No formal qualifications ☐1 
Year 10 or equivalent ☐2 
Year 12 or equivalent (e.g. High School Certificate) ☐3 
Trade/apprenticeship ☐4 
Certificate/diploma ☐5 
University degree ☐6 
Higher University degree (e.g. Graduate Diploma, Masters, PhD) ☐7 
Please provide details of course studied: 
____________________________________________________________
____________________________________________________________
____________________________________________________________
___________________________ 
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6. Which of the following best describes your current daily activities and/or 
responsibilities? 
Working full-time ☐1 
Working part-time ☐2 
Studying full time ☐3 
Studying part-time ☐4 
Casual paid work ☐5 
Looking for work ☐6 
Home duties ☐7 
Other (please specify) ☐8      ______________________ 
 
7. What is your main occupation? 
_______________________________________________________________
____ 
 
8. If you do paid work, how many hours did you spend in your paid job(s) in 
total in the last week? 
I didn’t do any paid work 
1-15 hours ☐1 
16-24 hours ☐2 
25-34 hours ☐3 
35-40 hours ☐4 
41-48 hours ☐5 
49 hours or more ☐6 
 
9. What is the average gross (before tax) income you receive annually, 
including wages, salary, pensions, and allowances? 
$1-$14,999 ☐1 
$15,000-$29,999 ☐2 
$30,000-$69,999 ☐3 
$70,000-$99,999 ☐4 
$100,000 > ☐5 
 
 
10. Which of the following best describes your housing situation? 
Living with parents/family ☐1 
Living by myself ☐2 
Living with partner/spouse ☐3 
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Living with flatmates/friends ☐4 
Other, please specify ☐5   ______________________ 
 
11. How many children live with you? 
0 ☐0 
1 ☐1 
2 ☐2 
3 ☐3 
4 or more ☐4 
Age(s) of children(s) _____________________ 
 
12. How many adults live with you? 
0 ☐0 
1 ☐1 
2 ☐2 
3 ☐3 
4 or more ☐4 
 
13. Are you a smoker 
No ☐0 
Yes ☐1 
Social smoker ☐3 
Ex-smoker ☐4 
 
 
14. Self-reported height (cms) 
_____________________________________________________ 
 
15. Self-reported weight (kgs) 
______________________________________________________ 
 
 
16. Your postcode 
______________________________________________________ 
 
17. Are you currently on a special type of diet? 
No ☐0 
Yes ☐1 
Please explain___________________________________________ 
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Eating pattern study –Qualitative interview coding matrix 
COOKING COO 
 
This category includes all references to the act of cooking or preparing food meant for 
consumption for oneself or others.  
COOKING SKILLS         COO SKL 
This category includes all references to cooking skills. These references may be positive or 
negative and reference how they affect the participants cooking capability.  
ENJOYMENT OF COOKING       
 COO ENJ 
This category refers to all references of things participants enjoy and dislike about cooking.  
COOKING FACILITIES        
 COO FAC 
This category refers to all references of facilities that may be needed or required to cook or 
prepare food.   
WHO DOES THE COOKING       
 COO WHO 
The category refers to whom does the cooking in the participant’s homes. 
HOME COOKED         
 COO HOM 
This category refers to how the food is prepared. Is the food prepared and cooked from 
scratch or purchased elsewhere and heated at home.  
PREPERATION TIME        
 COO PRT 
This category refers to much time the participant is willing to allocate for the preparation 
and cooking of a main meal.  
DECIDING WHAT TO COOK        
 COO DEC 
This category includes all references of how individuals go about deciding what to cook for a 
main meal such as convenience (availability of ingredients), previous consumption that day 
or week, target audience of meal, amount of ingredients needed and reference to the main 
protein source.  
      
 
BEVERAGE CONSUMPTION BEV 
 
ALCOHOL         
 BEV ALC 
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This category refers to any reference of the consumption of alcohol. This can be in relation 
to frequency of consumption, drink type, volume, location it is consumed in, who it is 
consumed with and when it is consumed.  
TEA / COFFEE         
 BEV T_C 
This category refers to any reference of the consumption of tea or coffee. This can be in 
relation to frequency of consumption, drink type, volume, location it is consumed in, who it 
is consumed with and when it is consumed.  
WATER          
 BEV WAT 
This category refers to any reference of the consumption of water. This can be in relation to 
frequency of consumption, drink type, volume, location it is consumed in, who it is 
consumed with and when it is consumed.  
OTHER          
 BEV OTH 
This category refers to any reference of any other beverage not already defined. This can be 
in relation to frequency of consumption, drink type, volume, location it is consumed in, who 
it is consumed with and when it is consumed.  
LOCATION OF EATING LOC 
 
HOME          
 LOC HOM 
This category includes any reference to when the participant eats food within the home.  
EATING OUT         
 LOC OUT 
This category includes any reference to when the participant eats food outside of the home. 
It can also include details as to how often this happens, when this happens, by whom and 
where they would go.  
WORK          
 LOC WOR 
This category includes any reference to when the participant eats food within the workplace.  
UNIVERSITY         
 LOC UNI 
This category includes any reference to when the participant eats food at a higher education 
facility such as university or tafe.   
TRANSIT         
 LOC TRA 
This category includes any reference to when the participant eats food whilst in transit e.g. 
while driving. 
OTHER          
 LOC OTH 
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This category includes any reference to when the participant eats food outside any of the 
above categories.  
 
 
SOCIAL INFLUENCE SOC 
 
FAMILY          
 SOC FAM 
This category includes any reference to when the participant eats food in the company of a 
family member.  It can also include any references to when a family member has any kind of 
influences over eating occasions e.g. preparation, views or opinions, cooking skills or 
providing access to food. 
FRIENDS         
 SOC FRI 
This category includes any reference to when the participant eats food in the company of 
friend/s.  It can also include any references to when a friend has any kind of influences over 
eating occasions e.g. preparation, views or opinions, cooking skills or providing access to 
food. 
EATING BY MYSELF        
 SOC MYS 
This category includes any reference to when the participant eats food by themselves.  
PARTNER         
 SOC PAR 
This category includes any reference to when the participant eats food in the company of 
their partner. It can also include any references to when a partner has any kind of influences 
over eating occasions e.g. preparation, views or opinions, cooking skills or providing access 
to food. 
WORK COLLEGUES        
 SOC WOR 
This category includes any reference to when the participant eats food in the company of 
their work colleagues. It can also include any references to when a collegue has any kind of 
influences over eating occasions e.g. preparation, views or opinions, cooking skills or 
providing access to food. 
 
 
SNACKING SNA 
 
This category includes any references to snacking. It can include such things as frequency, 
time of day, food items, reasons why they snack, barriers to snacking and general contexts of 
snacking.       
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PREPERATION TIME        
 SNA PRE 
This category relates specifically to the reference of the preparation time of snacks. 
TRANSPORTABLE        
 SNA TRA 
This category includes all references about the transportability of snack foods and 
importance of this trait in a snack food.  
 
MEAL SKIPPING MLS 
 
This category refers to any mention of skipping or omitting a main meal throughout the day. 
It can include reasons as to why meals are skipped as well as frequency and ramifications of 
this activity.  
 
EATING CLASSIFICATION ECL 
 
This category refers to any classification of eating occasions. This may be in relation to a 
specific name given to an eating occasions, time frames around consumption, certain foods 
consumed at certain meals.  
 
ENVIRONMENT ENV 
 
CONVENIENCE (AVAILABILITY)       
 ENV CON 
This category refers to any references of the availability of foods, this might be within the 
home, work place or neighbourhood. This convenient availability of foods is normally seen to 
be something that increases comfort, saves work or the expenditure of energy. This category 
does not include convenience related to individual food items in reference to preparation 
time.  
DAY OF THE WEEK        
 ENV DOW 
This category relates to any reference related to a day of the week or weekend time period. 
For example the habits of eating occasions on weekends as opposed to week days.  
MEDIA          
 ENV MED 
This category refers to any reference of a media a participant might consult in reference to 
eating occasions. This can range from physical media sources e.g. cook books or asking a 
family members opinion on how to cook something.  
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PRICE          
 ENV PRI 
This category looks at any reference related to the direct cost or price of food items. It can 
also include references to sales or purchasing food that is value for money.  
PORTION SIZES         
 ENV POR 
This category refers to any reference of the size or portion of any food item. It can be in 
either a positive or negative light.  
TIME          
 ENV TIM 
This category refers to any direct reference of time and how this affects eating occasions. 
This might be in references to preparation time, eating location, cooking methods or food 
choice.  
WEATHER         
 ENV WEA 
This category refers to the influence of weather on eating occasions. This can range from the 
temperature of the day and how food choice / cooking methods might vary or even broader 
seasonal changes and how that is reflected in eating occasions including location, social 
company and beverage consumption.  
DAILY SCHEDUAL         
 ENV DAI 
This is a broad category that refers to the factors the participant experiences daily or 
regularly that ultimately impact on their eating occasions. It is almost an overarching 
category that includes the more upstream influences that might not directly influence eating 
occasions but impact an element of the participants lives in a way that results in a direct 
influences on eating happens. For example a participant’s work schedule directly affects how 
much time a participant has allocated to meal breaks. This directly affects time and therefor 
eating occasions are adapted to meet this work schedule. Living location could also directly 
influence time spent in the car which could result in increases eating in transit.  
SPECIAL OCCASION         
 ENV SPO 
This category refers to any special occasion that might directly affect eating occasions. 
Special occasions could be social events or rare events that don’t happen regularly however 
directly change or alter eating occasions at that time.  
 
GROCERY SHOPPING GRS 
 
This category refers to any reference to grocery shopping. This can include location, 
frequency, preparation before, venue and who it is completed by. Any influences 
experienced whilst shopping are also covered within this category e.g. sales or product 
placement.  
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PERSONAL INFLUENCES PER 
 
MORAL REASONS        
 PER MOR 
This category refers to any reference of personal values that may impact on eating 
occasions. These can range from references to vegetarianism, food wastage or locally grown 
produce.  
TASTE          
 PER TAS 
This category refers to any reference of taste or liking or disliking a food item. This might be 
in relation to food choice or eating habits.  
MEDICAL CONDITIONS        
 PER MED 
This category refers to any medical or health condition experienced by the participant which 
may have a direct impact on their eating occasions or eating behaviours.  
HEALTH          
 PER HEA 
This category refers to any reference to health, nutrition or nutritional content of a food 
product. It can also include any reference to nutritional knowledge and the participant’s 
perception of a product helping or aiding in one’s health or wellbeing. The impact of age was 
also included into this category.  
HUNGER          
 PER HUN 
This category refers to any reference to the participants own hunger levels. This may in 
either a positive or negative reference as to how it impacts on their personal eating 
occasions.  
HABIT          
 PER HAB 
This category refers to any reference of a habit or routine seen within the participants eating 
occasions or behaviours.  
MOOD          
 PER MOO 
This category refers to any reference to the participant’s mood or emotional state and how 
they may both positively or negatively affect eating occasion or meal behaviours. How a 
participant felt after or before eating was also incorporated into this category e.g. not 
feeling like eating food in the morning.  
PHYSICAL ACTIVITY        
 PER PHA 
This category refers to any reference of both exercise and physical activity how these affect 
eating occasions and eating behaviours.  
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ORGANISATION         
 PER ORG 
This category refers to any reference to organisation regarding eating occasions. This could 
be a lack of organising or well planned.  Pre packing, pre-cooking, cooking in bulk, bringing 
food from home are all included in this category.  
 
OTHER AREAS/ISSUES RAISED OTH 
 
This category is for any remaining topics or issues that are raised by the participants that the 
coder believes are important however do not believe fit perfectly within any of the pre-
determined codes. After discussion between coders following cross-coding these topic or 
issues may be integrated into existing categories or may inform categories of their own.  
 
GOOD QUOTES GQU 
 
This code will be used by the coder to highlight appropriate sections of text that contain a 
quote that could be used to best illustrate a theme or concept. The coder will refrain from 
coding a single sentence at that stage as to not take the quote out of its original context.  
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PLAIN LANGUAGE STATEMENT 
 
TO:  <<Participant’s Name>>        ID: 
<<ID>> 
 
 
Plain Language Statement  
Date: <<Date>> 
Full Project Title:  The Measuring Eating in Everyday Life Study (MEALS) 
Principal Researcher: Assoc. Prof Sarah McNaughton 
Student Researcher: Felicity Pendergast 
Associate Researcher(s): Prof Tony Worsley 
____________________________________________________________________________
_________ 
1. Purpose and Background 
The purpose of this project is to understand meal patterns among young adults aged 18-30 
years.  
We are interested in understanding the way people eat in everyday life including the 
different meals and snacks they eat. Nutrition is important for good health and 
understanding the types of meals and snacks people eat, and the timing of the meals 
throughout the day is important to be able develop healthy eating messages. Thank you for 
registering your interest to take part in this project.  
2. Your consent 
You are invited to take part in a research project focussing on understanding people’s 
everyday meal patterns. 
This Plain Language Statement contains detailed information about the research project. Its 
purpose is to explain to you as openly and clearly as possible all the procedures involved in 
this project so that you can make a fully informed decision whether you are going to 
participate.  
Please read this Plain Language Statement carefully. Feel free to ask questions about any 
information in the document.  You may also wish to discuss the project with a relative or 
friend or your local health worker. Feel free to do this. 
Once you understand what the project is about and if you agree to take part in it, please 
complete the attached consent form before saving it and returning it to 
meals@deakin.edu.au. By completing the consent form, you indicate that you understand 
the information provided and that you give your consent to participate in the research 
project. Please keep this copy of the Plain Language Statement as a record.  
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3. Funding 
Funding for this study is provided by an Australian Research Council Discovery grant to Assoc. 
Prof. Sarah McNaughton and Prof. Tony Worsley, (DP 130100713 Understanding meal 
patterns: developing the evidence-base for nutrition messages). The research staff declare 
that there are no conflicts of interest. 
4. Procedures 
Participation in this project will involve: 
3. Your completion of an online questionnaire. This will take approximately 30 
minutes. The questionnaire includes several questions including “how often you 
help with food preparation and clean up”, “which cooking techniques you are 
confident using”, “which foods you are confident cooking”, as well as questions 
about your nutrition knowledge and your neighbourhood. 
 
4. Keep a diary of all the food and drinks you consume over four days using a 
smartphone “App” that we will provide to you. You will also be asked to answer 
a series of questions for each eating/drinking occasion. We will ask you to keep 
the diary over four days, including one weekend day.  
 
5. Possible benefits 
This project will help us understand the meal patterns and eating behaviours of Australian 
adults and will help us develop healthy eating messages to improve nutrition among 
Australians.  
We cannot guarantee or promise that you will receive any direct benefits from this project, 
however, we will regularly communicate with all participants and provide information on the 
progress of the study and the results. 
6. Possible Risks 
We do not anticipate any risks as a result of participation in this study.  
7. Alternatives to participation 
Participation in this study is entirely voluntary. If you do not wish to participate contact the 
research team on (03) 9244 3071 or email meals@deakin.edu.au 
8. Withdrawal from study 
As mentioned above, participation is completely voluntary. If you wish to withdrawal from 
the study at any point, please contact project staff on (03)9244 3071 or email 
meals@deakin.edu.au  
9. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this project and any that can identify you will 
remain confidential. It will only be disclosed with your permission, subject to legal 
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requirements. In any publication, information will be provided in such a way that you cannot 
be identified. 
All participants will be given a study identification number to maintain privacy. All electronic 
records and forms will be entered into password protected computers and only the research 
team will have access to this. If any paper copies of personal information (name, contact 
details) are collected they will be stored in secure cabinets at Deakin University. The online 
survey is hosted by Qualtrics. Qualtrics will store the data in their secure data centre in the 
USA and will permanently delete the data from their server once the last participant has 
completed the survey and we have exported the data to our secure server at Deakin 
University. 
The survey does not ask for identifying information, such as names or address. Please be 
assured that all information you provide will remain confidential. Your completed survey will 
be identified only by a number. All information will be used for research purposes only; it will 
be held in confidence and will be stored securely for a period of five years at Deakin 
University following the completion of the project. At no stage will your name be linked to 
your responses. This is an important research study, but you are under no obligation to 
participate.  
10. Results of the project 
Results of the project will be made available in newsletters that can be downloaded from the 
Centre for Physical Activity and Nutrition Research website 
(http://www.deakin.edu.au/hmnbs/cpan/index.php) during the project. Once the project has 
been completed and all data has been analysed, the results will be published in health and 
nutrition journals along with both national and international conference presentations. 
 11.  Monitoring of the Project 
Independent and formal monitoring strategies are not required for this project. No 
treatment is proposed, and so continual assessment of participants is not necessary. You can 
withdraw from the study at any time without consequence, and are able to contact us via 
email or telephone with any concerns or queries throughout the study.  
The Project Manager and Principal Investigators will provide ongoing monitoring of data 
collection procedures. The investigators will also monitor the analysis and interpretation of 
data. The research team will have regular meetings to discuss the progress of the project and 
address any issues that arise with data collection and analysis.  
 
 
12. Compensation 
Upon completion of the study, all participants will be given a $25 shopping voucher for their 
participation.  
13. Complaints 
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I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to 
keep.  
The researcher has agreed not to reveal my identity and personal details, 
including where information about this project is published, or presented in any 
public form.   
 
☐ By checking this box I indicate my consent to participate in the MEALS 
study.      
Today’s date:  
Full Name (please print in full):  
Date of Birth:  
I am (please select one option only): ☐ Male ☐ Female 
 
Address: 
 
Is this the same as your postal address: ☐ Yes ☐ No 
If no, please provide your postal address in the box below: 
 
 
 
Contact details of family/friend 
With their permission, please provide the contact details of a close friend or 
relative, not living with you, who we can contact in case we are unable to get in 
contact with you. 
Name: 
Postal 
Address: 
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Post Code:  
Phone:  
Email: 
 
If you have any questions or concerns, please contact Felicity Pendergast at 
meals@deakin.edu.au or 9244 3071. 
 
 
Please ensure you complete this CONSENT FORM before saving it and returning it to 
meals@deakin.edu.au. 
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MEASURING EATING IN EVERYDAY LIFE 
 
 
Thank you for taking the time to complete this survey. It will take you 
approximately 30 minutes to complete, although this may vary depending on your 
answers.  
 
Privacy and confidentiality 
The information you provide in the survey is completely confidential. All completed surveys 
will be stored securely for a period of six years at Deakin University. At no stage will your 
name or contact details be linked to your results.  
 
 
IMPORTANT INSTRUCTIONS- PLEASE READ 
 
Please answer each question by clicking on the most suitable option. Where you are asked 
to write an answer please read the question carefully and answer the best you can in the 
space provided. If you are unsure about how to answer a question, please choose the 
answer that best reflects how you feel. Please answer all questions. 
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Section A: Your Eating Habits 
A1.  About how many serves of vegetables do you usually eat per day? Do not include 
potatoes, hot chips or fried potato.  (1 serve = ½ cup cooked vegetables or 1 cup salad 
vegetables).  
(Please select one response only response only) 
 
I don’t eat vegetables  
Less than one serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4 serves/day  
5 serves/day  
6 serves or more/day  
 
A2. About how many serves of hot chips, French fries, wedges or fried potatoes do you 
usually eat per week?   (1 serve = a small cup)  
(Please select one response only response only) 
 
I don’t eat chips  
Less than one 
serve/week 
 
1 serve/week  
2 serves/week  
3 serves/week  
4 serves/week  
5 serves/week  
6 serves or more/week  
 
A3. About how many serves of potatoes do you usually eat per week?  Do not include chips, 
French fries, wedges or fried potato.  (1 serve = 1 small potato).  
(Please select one response only response only)  
 
I don’t eat potatoes  
Less than one 
serve/week 
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1 serve/week  
2 serves/week  
3 serves/week  
4 serves/week  
5 serves/week  
6 serves or more/week  
 
A4.About how many serves of fruit do you usually eat per day? Do not include fruit juice.               
(1 serve = 1 medium piece or 2 small pieces of fruit or 1 cup of diced pieces).  
(Please select one response only response only)  
 
I don’t eat fruit  
Less than one serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4 serves/day  
5 serves/day 
 
 
6 serves or more/day  
 
A5. About how many slices of bread do you usually eat per day?  (A bread roll counts as two 
slices of bread)  
(Please select one response only response only)  
I don’t eat bread  
Less than one slice/day  
1 slice/day  
2 slices/day  
3 slices/day  
4 slices/day  
5-7 slices/day  
8 slices or more/day  
 
A6. What type of bread do you usually eat?  
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(Please select any that you usually eat) 
I don’t eat bread  
High fibre white bread  
White bread  
Wholemeal bread  
Rye bread  
Multigrain bread  
Other bread  
 
A7. About how often is the meat you eat trimmed of fat either before or after cooking?  
(Please select one response only response only)  
I don’t eat 
meat 
Never Rarely Sometimes Usually Always 
      
A8. In the past month about how often have you had the following?  
(Please select one response only response on each line)   
 Never or 
less than 
once/ 
month 
1-3 
times a 
month 
Once/
week 
2-4 
times/w
eek 
5-6 
times/wee
k 
Once/
day 
2-3 
times/
day 
4-5 
times/
day 
6 or more 
times/day 
h   Potato crisps or 
salty snack 
foods 
 
         
i   Chocolates or 
lollies 
         
j   Cake, 
doughnuts, 
sweet biscuits 
         
k   Pies, pasties or 
sausage rolls 
         
l   Fast foods (e.g. 
McDonalds, 
KFC) 
         
Pizza          
m   Red meat (beef, 
lamb, pork as 
chops, steak, 
roasts, stir fries, 
casserole, 
rissoles, mince) 
         
n   Meat products   
(e.g. sausages,      
frankfurter) 
         
o   Chicken (not 
counting 
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crumbed or fast 
foods like KFC) 
p   Fish including 
tinned fish (but 
not fried fish) 
         
q   Dried 
beans/peas (e.g. 
baked beans, 
lentils) 
         
r   Eggs          
s   Nuts          
t   Cheese          
u   Yoghurt          
v   Pasta, rice, 
noodles 
         
 
A9. What type of milk do you usually drink?  
(Please select one response only response only)  
 
I don’t drink milk  
Whole  
Skim  
Low/reduced fat  
Soy  
Other (almond, rice, coconut)  
Don’t know  
 
A10. About how much PLAIN milk in total do you usually drink each day?  (Do NOT count 
chocolate milk or other flavoured milk) (1 serve = 125ml or ½ cup/glass)   
(Please select one response only response only)  
 
I don’t drink PLAIN milk  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
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10 or more serves/day  
 
A11. About how much FLAVOURED milk in total do you usually drink each day?  (E.g. 
chocolate milk or other flavoured or sweetened milk)  (1 serve = 125ml or ½ cup/glass; 600 
ml bottle/carton = 5 serves)   
(Please select one response only response only)  
 
I don’t drink FLAVOURED milk  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A12. About how much PLAIN water (including plain/unflavoured mineral and soda water) do 
you usually drink each day? (1 serve = 125ml or ½ cup/glass; 600 ml bottle/carton = 5 serves; 
1 litre bottle = 8 serves)   
(Please select one response only response only)  
 
I don’t drink water  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A13. About how much SOFT DRINK (excluding diet soft drink) do you usually drink each 
day?  (Include all types of soft drinks, including fruit flavoured drinks, sports drinks and 
cordials but exclude any diet soft drinks, fruit juice or plain water)  (1 serve = 125ml or ½ 
cup/glass; 1 can = 3 serves; 600 ml bottle/carton = 5 serves; 1.25L bottle = 10 serves)   
(Please select one response only response only)  
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I don’t drink soft drink  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A14. About how much DIET SOFT DRINK do you usually drink each day?  (Include all types of 
diet soft drink, including low-calorie fruit flavoured drinks, but exclude any fruit juice or plain 
water)  (1 serve = 125ml or ½ cup/glass; 1 can = 3 serves; 600 ml bottle/carton = 5 serves; 
1.25L bottle = 10 serves)   
(Please select one response only response only)  
 
I don’t drink diet soft drink  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
A15. About how much 100% FRUIT JUICE do you usually drink each day (1 serve = 125ml or 
½ cup/glass or popper/tetra pack)  
(Please select one response only response only) 
 
I don’t drink fruit juice  
Less than 1 serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
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4-5 serves/day  
6-7 serves/day  
8-9 serves/day  
10 or more serves/day  
 
A16.  Over the last 12 months, on days when you were drinking alcohol, about how many 
glasses of beer, cider, wine and/or spirits altogether did you usually drink?  
 
 
 
 
 
 
 
 
 
 
 
Total number of glasses per day 
I don’t drink alcohol  
1 glass/day  
2 glasses/day  
3 glasses/day  
4 glasses/day  
5 glasses/day  
6 glasses/day  
7 glasses/day  
8 glasses/day  
9 glasses/day  
10 or more glasses/day  
 
A17. Over the last 12 months, on average how often did you drink beer, wine and/or spirits? 
(Please select one response only response on each line). 
 
 
You can work out the number of glasses using the examples below. For spirits, liqueurs, and mixed drinks 
containing spirits, please count each nip (30mls) as one glass: 
1 can or stubby of beer or cider = 2 glasses 
1 large bottle beer or cider (750ml) = 4 glasses 
1 bottle wine (750ml) = 6 glasses 
1 bottle of port or sherry (750ml) = 12 glasses 
1 pre-mixed spirit (275ml) = 2 glasses 
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 Never Less 
than 
once per 
month 
1-3 
days 
per 
month 
1 day 
per 
week 
2 
days 
per 
week 
3 days 
per 
week 
4 
days 
per 
week 
5 
days 
per 
week 
6 
days 
per 
week 
Every 
day 
Beer (low 
alcohol) 
 
          
Beer (full 
alcohol) 
 
          
Cider           
Red wine 
 
          
White 
wine 
(including 
sparkling 
wine) 
          
Fortified 
wine, 
port, 
sherry etc. 
          
Spirits, 
liqueurs 
etc. 
          
Pre-mixed 
spirits (i.e. 
Bacardi 
Breezer) 
          
 
A18. Do you avoid any particular foods because of food allergies or food intolerances?  
(If no please go straight to question A20). 
 
 
 
 
A19. Please choose any foods you avoid due to allergies or food intolerances. 
(Please select all that apply)  
 
No  
Yes  
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Eggs  
Cow’s milk/dairy  
Peanuts  
Fish  
Shellfish  
Tree nuts  
Soya  
Gluten (e.g. wheat, oats, 
barley and rye) 
 
Yeast  
High fructose foods  
Other (please specify)  
 
A20. Do you avoid any particular foods because of cultural, religious or ethical reasons?  
(If no please go straight to question A22). 
 
 
 
 
A21. Please choose any foods you avoid due to cultural, religious or ethical reasons. 
(Please select all that apply)  
 
Eggs  
Dairy  
Meat  
Fish  
Poultry  
Pork  
Haram  
Beef  
All animal products  
No  
Yes  
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Other (please specify)  
 
A22. How many of the following eating occasions do you usually eat in a typical day, 
including evenings?   
(Please select one response only per line). 
   
 None One Two Three Four Five or more 
MEALS (breakfast, 
lunch and dinner) 
  
 
   
SNACKS       
 
A23. How many days per week do you usually eat the following meals?  
(Please select one response only per line). 
 
 0 days 1 day 2 days 3 days 4 days 5 days 6 days 7 days 
Breakfast         
Lunch         
Dinner         
 
A24. What do you consider the main meal of the day? (By main meal we mean the largest 
meal of the day)  
(Please write your answer on the line below)  
_____________________________________________________________ 
 
A25. About how often do you usually eat the main meal of the day?  
(Please select one response only response on each line). 
 
 
Never  
Less than 1 
meal/ 
week 
About 1 
meal/w
eek 
2-3 
meals/ 
week 
4-5 
meals/ 
week 
6-7 
meals/ 
week or 
more 
Not 
applicable 
On your own 
 
       
With your partner        
With your children        
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w   With other family 
members/ relatives 
       
x   With friends         
y   With work colleagues 
 
       
z   With flatmates        
 
A26. The next questions are about the food eaten in your household in the past 12 months. 
Please indicate whether the statements below occurred OFTEN, SOMETIMES, or NEVER for 
you and the other members in your household in the past 12 months.  
(Please select one response only in each line). 
 
 
Often 
true 
Sometimes 
true 
Never 
Don’t know/ 
Don’t want 
to answer 
The food that I bought just 
didn’t last and I didn’t have 
enough money to get more 
    
I couldn’t afford to eat 
balanced meals 
    
 
 
A27. In the last 12 months, did you or other adults in your household ever cut the size of 
your meals or skip meals because there was not enough money for food? 
 
 
 
 
 
 
A28. In the last 12 months, did you ever eat less than you felt you should because there was 
not enough money to buy food?  
(Please select one response only). 
 
 
 
 
 
No  
Yes, Almost every month  
Yes, some months but not every month  
Yes, only 1 or 2 months  
No  
Yes  
Don’t know/don’t want to answer  
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A29.  In the last 12 months, were you ever hungry but didn’t eat because you couldn’t afford 
enough food?  
(Please select one response only). 
 
 
 
 
 
Section B: Your Thoughts About Food and Eating 
 
B1. How confident are you that you could do the following?  
(Please select one response only response on each line).  
 
 
 Not at all 
confident 
Slightly 
confident 
Moderately 
confident 
Very 
confident 
Extremely 
confident 
Shop regularly for healthy 
nutritious foods over the next year 
     
Prepare/cook healthy nutritious 
foods over the next year 
     
Stick to eating healthy nutritious 
foods over the next year 
     
Eat enough fruit for good health 
over the next year  
     
Eat enough vegetables for good 
health over the next year 
     
Limit your fast food consumption 
to once a week or less over the 
next year 
     
Eat a low-fat diet over the next 
year 
     
Stick to low-fat healthy foods even 
when you feel depressed, bored 
or tense 
     
Stick to low-fat healthy foods 
when you are eating out 
     
Not eat snacks while watching TV       
No  
Yes  
Don’t know/don’t want to answer  
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Stick to low-fat healthy foods even 
when there are high-fat foods 
available 
     
Stick to low-fat healthy foods even 
when eating with friends or co-
workers 
     
Stick to low-fat healthy foods even 
when alone and there is no one to 
watch you 
     
Stick to low-fat healthy foods even 
when feeling too tired/lazy to 
prepare something healthy 
     
Stick to low-fat healthy foods even 
when you are craving less healthy 
foods 
     
Not eat meals while watching TV      
Stick to low-fat healthy foods 
when you are eating at work/place 
of study 
     
 
 
B2. Do you have a partner, significant other or spouse? 
(If no please go straight to question B4). 
 
 
 
 
B3. Please indicate how much you agree with the following statements.  
(Please select one response only response on each line). 
 
 
Strongly 
agree 
Tend to 
agree 
Neither 
agree or 
disagree 
Tend to 
disagree 
Strongly 
disagree 
My partner always wants to eat the 
foods he/she is familiar with 
     
My partner often persuades me to 
buy unhealthy foods 
     
 
B4. Are you a parent / guardian to any children living within your household (including step 
children or adopted children)? 
If no please go straight to question B7. 
No  
Yes  
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B5. What are the ages of these children? 
 
I__I__I   I__I__I   I__I__I   I__I__I   I__I__I   I__I__I   I__I__I   I__I__I    
 
B6. Please indicate how much you agree with the following statements  
(Please select one response only response on each line). 
 
 
 
Strongly 
agree 
Tend to 
agree 
Neither 
agree or 
disagree 
Tend to 
disagree 
Strongly 
disagree 
Feeding my family what they like 
is more important than trying to 
eat healthy foods 
     
I often feel guilty preparing 
healthy foods, when my family 
would prefer to eat other kinds of 
foods 
     
My family’s food preferences 
usually take priority over my own 
food preferences 
     
I make time to eat healthy foods 
even when I am busy looking 
after my family 
     
My children always want to eat 
the foods they are familiar with 
     
My children often persuade me 
to buy unhealthy foods 
     
 
B7. During the past year, how often did members of your family (including spouse/partner):   
(Please select one response only response on each line). 
 
 
Never Rarely 
A few 
times 
Often Very often 
No  
Yes  
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Eat healthy low-fat foods 
with you 
     
Encourage you to eat 
healthy low-fat foods 
     
Discourage you from eating 
unhealthy foods 
     
 
 
B8. During the past year, how often did friends or work colleagues:  
(Please select one response only response on each line). 
 
 
Never Rarely A few times Often Very often 
Eat healthy low-fat foods with 
you 
     
Encourage you to eat healthy 
low-fat foods 
     
Discourage you from eating 
unhealthy foods 
     
 
B9. On a scale of 1 (disagree strongly) to 7 (agree strongly), how much do you agree with the 
following statements?   
(Please select one response only response on each line). 
 
 
1 
(Disagree 
strongly) 
2 3 4 5 6 
7 
(Agree 
strongly) 
I don’t  think much about food each day        
Cooking is not much fun        
Talking about what I ate or am going to 
eat is something I like to do 
       
Compared with other daily decisions, 
my food choices are not very important 
       
When I travel, one of the things I 
anticipate most is the eating the food 
there 
       
I do most or all of the clean up after 
eating 
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I enjoy cooking for others and myself        
When I eat out, I don’t think or talk 
much about how the food tastes 
       
I do not like to mix or chop food        
I do most or all of my own food 
shopping 
       
I do not wash dishes or clean the table        
I care whether or not the table is nicely 
set 
       
B10. How often do you usually perform the following:  
(Please select one response only response on each line). 
 
 
N
e
ve
r/
 R
ar
el
y 
M
o
n
th
ly
 
Fo
rt
n
ig
h
tl
y 
O
n
ce
 w
ee
kl
y 
2
-3
 t
im
es
/w
ee
k 
4
-5
 t
im
es
/w
ee
k 
D
ai
ly
 /
 S
ev
er
al
 t
im
es
 
d
ai
ly
 
Shop for food/groceries (either 
for you, or for the household) 
       
Write a shopping list before 
shopping 
       
Prepare a meal that includes 
vegetables 
       
Prepare an entire dinner for 
two or more people 
       
Prepare/cook food (either for 
you, or for the household) 
       
 
B11. Which, if any, of these cooking techniques do you feel confident about using?  
(Please select all that apply)  
 
Boiling  
Steaming  
Shallow frying  
Deep frying  
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Grilling  
Poaching  
Oven baking or roasting  
Stewing/braising/casseroling  
Microwave  
Stir frying  
None of these  
 
B12. Which, if any, of these foods, do you feel confident about cooking?   
(Please select all that apply)  
 
Red meat   
Minced meat   
Chicken  
White fish (such as cod, haddock)  
Oily fish (salmon, herring, mackerel)  
Pulses (beans and lentils)  
Pasta  
Rice (not rice pudding)  
Potatoes (not chips)  
Fresh green vegetables (cabbage, 
broccoli, spinach) 
 
Root vegetables (carrots, parsnips, 
swede) 
 
None of these  
 
B13. How strongly do you agree with the following statements?   
(Please select one response only response on each line).  
 
 
Strongly 
disagree 
Disagree Agree 
Strongly 
agree 
I am too busy to eat healthy foods     
I am too rushed in the morning to eat 
a healthy breakfast 
    
Eating healthy meals just takes too 
much time 
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I do not have time to think about 
healthy eating 
    
 
 
B14. Which, if any, of these do you think limit the choice of food you buy?   
(Please select all that apply)  
 
Ability to store food 
 
 
Limited cooking facilities or appliances 
 
 
Don’t know how to cook some foods 
 
 
Ability to carry and transport foods 
 
 
Food goes off before its eaten 
 
 
Difficult to get to shops with children 
 
 
Difficult to get to shops because of age or disability  
None of these  
Another limitation – please specify below 
 
 
 
 
B15. How important are the following factors when choosing or preparing a main meal? 
(breakfast, lunch or dinner) 
(Please select one response only response on each line).  
 1 
(Not at all 
important) 
2 3 4 5 
(Very 
important) 
Price      
Value for money      
Protein type (e.g. Red meat, fish, eggs, 
chicken, tofu) 
     
Product freshness and quality      
Prepared safely (e.g. raw meat)      
Presence of allergens (e.g. peanuts)      
How long it takes to prepare or eat      
Easy to prepare      
Taste      
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Health and Nutrition      
Personal weight control      
Depends on what else I have eaten that day 
or week 
     
Current exercise/ physical activity habits      
Habit or routine      
How hungry / full I am      
My current mood (e.g. Happy, sad)      
Cultural or religious beliefs      
Choosing vegetarian or vegan options      
Moral reasons (e.g. support animal welfare)      
Ingredients are sourced locally      
Organically produced      
Environmentally friendly (e.g. packaging, 
food miles) 
     
Preferences of other people you are eating 
with 
     
Suitable for a celebration      
Current weather conditions      
Availability of ingredients      
Other 
………………………………………………… 
     
 
B16. How important are the following factors when choosing something to eat between 
main meals?  
(Please select one response only response on each line).  
 1 
(Not at all 
important) 
2 3 4 5 
(Very 
important) 
Price      
Value for money      
Protein type (e.g. Red meat, fish, eggs, chicken, 
tofu) 
     
Product freshness and quality      
Prepared safely (e.g. raw meat)      
Presence of allergens (e.g. peanuts)      
How long it takes to prepare or eat      
Easy to prepare      
Taste      
Health and Nutrition      
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Personal weight control      
Depends on what else I have eaten that day or 
week 
     
Current exercise/ physical activity habits      
      
Habit or routine      
How hungry / full I am      
My current mood (e.g. Happy, sad)      
Cultural or religious beliefs      
Choosing vegetarian or vegan options      
Moral reasons (e.g. support animal welfare)      
Ingredients are sourced locally      
Organically produced      
Environmentally friendly (e.g. packaging, food 
miles) 
     
Preferences of other people you are eating with      
Suitable for a celebration      
Current weather conditions      
Availability of ingredients      
Other 
………………………………………………… 
     
 
B17. Which of the following might lead you to skip a main meal (breakfast, lunch or dinner)?  
 (Please select one response only response on each line).  
 1 
(Not at all 
important) 
2 3 4 5 
(Very 
important) 
Price      
Value for money      
Protein type (e.g. Red meat, fish, eggs, chicken, 
tofu) 
     
Product freshness and quality      
Prepared safely (e.g. raw meat)      
Presence of allergens (e.g. peanuts)      
How long it takes to prepare or eat      
Easy to prepare      
Taste      
Health and Nutrition      
Personal weight control      
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Depends on what else I have eaten that day or 
week 
     
Current exercise/ physical activity habits      
Habit or routine      
How hungry / full I am      
My current mood (e.g. Happy, sad)      
Cultural or religious beliefs      
Choosing vegetarian or vegan options      
Moral reasons (e.g. support animal welfare)      
Ingredients are sourced locally      
Organically produced      
Environmentally friendly (e.g. packaging, food 
miles) 
     
Preferences of other people you are eating with      
Suitable for a celebration      
Current weather conditions      
Availability of ingredients      
Other 
………………………………………………… 
     
 
The following questions are about what advice you think experts are giving us. 
B18. How many servings of fruit and vegetables do you think nutrition experts recommend 
people eat per day? (Examples of one serve are a piece of fruit or 1 cup of salad vegetables) 
 
Fruit               _______________________ 
 
Vegetables    _____________________ 
 
B19. Which fat do experts say is most important for people to cut down on?  
(Please select one response only)  
Monounsaturated fat  
Polyunsaturated fat  
Saturated fat  
Not sure  
 
B20. What version of dairy foods do experts say people should eat?  
(Please select one response only)  
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Full fat  
Low fat  
Both full fat and lower fat  
None, dairy foods should be cut 
out 
 
Not sure  
 
 
 
B21. Do you think these are high or low in added sugar?  
(Please select one response only for each food)  
 
 High Low Not sure 
Bananas    
Unflavoured yoghurt    
Ice cream    
Orange (35%) juice    
Tomato ketchup    
Tinned fruit in natural juice    
 
B22. Do you think these are high or low in salt?  
(Please select one response only for each food)  
 
 High Low Not sure 
Sausages    
Pasta    
Anchovies    
Red meat    
Frozen vegetables    
Cheese    
 
B23. Do you think these are high or low in fibre/roughage?  
(Please select one response only for each food)  
 
Experts classify foods into groups. We are interested to see whether 
people are aware of what foods are in these groups. 
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 High Low Not sure 
Cornflakes    
Bananas    
Eggs    
Red meat    
Broccoli    
Nuts    
Fish    
Baked potatoes with skin    
Chicken    
Baked beans    
 
B24. Do you think these fatty foods are high or low in saturated fat?  
(Please select one response only for each food)  
 
 High Low Not sure 
Tuna    
Full cream milk    
Olive oil    
Red meat    
Sunflower margarine    
Chocolate    
 
 
 
 
 
 
 
 
 
 
B25. Which is the best choice for a low fat, high fibre snack?  
(Please select one response only) 
 
The next few items are about choosing foods. Please answer what is being asked and not whether you 
like or dislike the food. For example, suppose you were asked…”If a person wanted to cut down on fat, 
which cheese would be best to eat?” 
a. Cheddar cheese 
b. Camembert 
c. Cream cheese 
d. Cottage cheese 
If you didn’t like cottage cheese but knew it was the right answer, you would still select cottage 
cheese. 
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Diet strawberry yoghurt  
Sultanas  
Muesli bar  
Wholemeal crackers and cheese  
 
B26. Which would be the best choice for a low fat, high fibre light meal?  
(Please select one response only)  
 
Grilled chicken  
Cheese on wholemeal bread  
Baked beans on wholemeal bread  
Quiche  
 
B27. Which kind of sandwich do you think is healthier?  
(Please select one response only)  
Two thick slices of bread with a 
thin slice of cheddar cheese 
 
Two thin slices of bread with a 
thick slice of cheddar cheese 
 
 
B28. Many people eat spaghetti bolognese (pasta with tomato and meat sauce). Which do 
you think is healthier?  
(Please select one response only)  
A large amount of pasta with a little 
bit of sauce on top 
 
A small amount of pasta with a 
large amount of sauce on top 
 
 
 
B29. If a person wanted to reduce the amount of fat in their diet, which would be the best 
choice? (Please select one response only)  
Steak, grilled  
Sausages, grilled  
Turkey, grilled  
Pork chop, grilled  
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B30. If a person wanted to reduce the amount of fat in their diet, but didn’t want to give up 
chips, which one would be the best choice?  
(Please select one response only)  
Thick chunky cut chips  
Thin cut “french fries” chips  
Crinkle cut chips  
 
B31. If a person felt like something sweet but was trying to cut down on sugar, which would 
be the best choice?  
(Please select one response only)  
Honey on toast  
A cereal snack bar  
Plain sweet biscuit  
Banana with plain yoghurt  
 
B32. Which of these would be the healthiest dessert?   
(Please select one response only)  
Baked apple  
Strawberry yoghurt  
Wholemeal crackers and cheese  
Carrot cake with cream cheese 
topping 
 
 
B33. Which cheese would be the best choice as a lower fat option?  
(Please select one response only)  
 
 
Plain cream cheese  
Edam  
Cheddar  
Brie  
 
B34. If a person wanted to reduce the amount of salt in their diet, which would be the best 
choice? (Please select one response only)  
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Ready-made frozen shepherd’s pie  
Ham steak with pineapple  
Mushroom omelette  
Stir fry vegetables with soy sauce  
 
B35 a. Are you aware of any major health problems or diseases that are related to a low 
intake of fruit and vegetables?  
(Please select one response only)  
No  
Yes  
Not sure  
 
b. If yes, what diseases or health problems do you think are related to a low intake of fruit 
and vegetables?  
 
_______________________________________________________________________ 
 
B36 a. Are you aware of any major health problems or diseases that are related to how 
much salt or sodium people eat?  
(Please select one response only)  
No  
Yes  
Not sure  
 
b. If yes, what diseases or health problems do you think are related to salt? 
 
_______________________________________________________________________ 
B37 a. Are you aware of any major health problems or diseases that are related to the 
amount of fat people eat?  
(Please select one response only)  
No  
Yes  
Not sure  
 
b. If yes, what diseases or health problems do you think are related to fat? 
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_______________________________________________________________________ 
B38. Do you think these help to reduce the chances of getting certain kinds of cancer?  
(Please select one response only response on each line).  
 Yes No Not sure 
Eating more fibre    
Eating less sugar    
Eating less fruit    
Eating less salt    
Eating more fruit and vegetables    
Eating less preservatives/additives    
 
 
 
Section C: Your Physical Activity Habits 
In this section, we are interested in your physical activity habits at home, work, transport to 
work, around the home, and during your spare time. Please answer all questions. 
We are interested in finding out about the kinds of physical activities that people do as part 
of their everyday lives.  The questions will ask you about the time you spent being physically 
active in the last 7 days.   
Please answer each question even if you do not consider yourself to be an active person.   
 
Please think about the activities you do at work, as part of your house and yard work, to get 
from place to place, and in your spare time for recreation, exercise or sport. 
 
C1. Do you have a serious illness, long-term injury or disability that prevents you from being 
physically active?  
(Please select one response only response only).  
 
 
 
If YES, please specify: ________________________________________________ 
 
C2.Thinking about how much physical activity you did in the last 7 days, was this a typical week 
for you?   
Yes  
No  
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(Please select one response only response only). 
Yes  
No, I am usually more active  
No, I am usually less active  
 
 
Think about all the vigorous activities that you did in the last 7 days.  Vigorous physical 
activities refer to activities that take hard physical effort and make you breathe much harder 
than normal.   
Think only about those physical activities that you did for at least 10 minutes at a time. 
 
C3 a. During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, digging, aerobics, or fast bicycling?  
 
_____ days per week                     
  
                                                                                   If you answered NO → skip to question C5 
  
b. How much time did you usually spend doing vigorous physical activities on one of those 
days? 
 
_____ hours per day  
 
_____ minutes per day                          
  
Think about all the moderate activities that you did in the last 7 days.  Moderate activities 
refer to activities that take moderate physical effort and make you breathe somewhat 
harder than normal.  Think only about those physical activities that you did for at least 10 
minutes at a time. 
 
C4 a. During the last 7 days, on how many days did you do moderate physical activities like 
carrying light loads, bicycling at a regular pace, or doubles tennis?  Do not include walking. 
 
_____ days per week 
 
                                                                                       If you answered NO → skip to question C6       
                             
  Not at all in the last week  
  Not at all in the last week  
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b. How much time did you usually spend doing moderate physical activities on one of those 
days? 
 
_____ hours per day 
_____ minutes per day 
 
 
Think about the time you spent walking in the last 7 days.  This includes at work and at 
home, walking to travel from place to place, and any other walking that you might do solely 
for recreation, sport, exercise, or leisure. 
 
C5 a. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time?   
 
_____ days per week 
 
                                                                                  If you answered NO → skip to question C7       
  
b. How much time did you usually spend walking on one of those days? 
 
_____ hours per day 
_____ minutes per day  
 
 
The last question is about the time you spent sitting on weekdays during the last 7 days.  
Include time spent at work, at home, while doing course work and during leisure time.  This 
may include time spent sitting at a desk, visiting friends, reading, or sitting or lying down to 
watch television. 
 
C6. During the last 7 days, how much time did you spend sitting on a week day? 
 
_____ hours per day  
_____ minutes per day  
 
Section D: Your Neighbourhood 
 
  Not at all in the last week  
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This section of the survey relates to your local neighbourhood environment. When we refer 
to your “neighbourhood”, we mean your suburb or the local area where you live. When 
answering the questions please make sure you refer to your neighbourhood only. 
 
D1. About how long would it take to get from your home to the nearest stores or places listed 
below if you walked to them? Please select the time it would take you to walk to each place, 
even if you don’t normally go there.  
(Please select one response only response on each line).  
 
1-
5min 
6-
10min 
11-
20min 
21-
30min 
31+min 
Don’t 
know 
Supermarket       
g. Small grocery store (e.g. IGA)       
h. Convenience store/ milk bar       
i. Green grocer (e.g. fruit store/ 
fruit & veg market) 
      
j. Fast food restaurant       
k. Café/ coffee place       
l. Other restaurant (not fast-
food) 
      
 
D2. How much do you agree with the following statements? Please select the answer that best 
applies to you and your neighbourhood. Both local and within walking distance mean within 
a 10-15 minute walk from your home.  
(Please select one response only response on each line).  
 Strongly 
disagree 
Somewhat 
disagree 
Somewhat 
agree 
Strongly 
agree 
 I can do most of my food shopping at 
local stores 
    
g. Food stores are within easy walking 
distance of my home 
    
h. Parking is difficult in local food shopping 
areas 
    
i. There are many places to go within easy 
walking distance of my home 
    
j. It is easy to walk to transit stops (bus, 
train, tram) from my home 
    
k. The streets in my neighbourhood are 
hilly, making my neighbourhood difficult 
to walk in  
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l. There are many hills in my 
neighbourhood that limit the number of 
routes for getting from place to place 
    
 
D3. How do you usually travel to the place you do most of your food shopping?  
(Please select one response only) 
Walk  
Bus  
Train  
Tram  
Bicycle  
Motorbike  
Own car/ car from my household  
Car which belongs to someone outside my 
household 
 
Other – please specify below  
 
 
D4. The shops that serve my local community:   
(Please select one response only response on each line). 
 
 Strongly 
agree 
Tend to 
agree 
Neither 
agree or 
disagree 
Tend to 
disagree 
Strongly 
disagree 
Don’t 
know 
Have a good supply of fresh fruit 
and vegetables 
      
Have good quality fruit and 
vegetables 
      
Do not sell dairy products that 
have a reduced fat content 
      
 
Section E: About You 
E1. Would you say your health is:  
(Please select one response only)  
Excellent Very Good Good Fair Poor 
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E2. What is your date of birth?  
 ____/____/ 19____    (dd/mm/19yy) 
E3. In which country were you born?  
(Please select one response only).  
 
 
 
 
 
 
 
 
 
E4. Which of the following best describes your current relationship status?  
(Please select one response only)  
Married  
De facto 
relationship 
Committed 
relationship/engaged 
Never 
married/Single 
Separated/ 
Divorced 
Widowed 
      
 
 
E5. What is the HIGHEST qualification you have completed?  
(Please select one response only)  
No formal qualifications  
Year 10 or equivalent   
Year 12 or equivalent (e.g. Higher School Certificate)  
Trade/apprenticeship (e.g. hairdresser, chef)  
Certificate/diploma (e.g. childcare, technician)  
University degree  
Higher University degree (e.g. Graduate Diploma, Masters, PhD)  
 
E6. Which of the following best describes your current smoking status?  
(Please select one response only) 
I have never smoked before  
I used to smoke   
I now smoke occasionally  
I now smoke regularly  
 
Australia  
UK  
Italy  
Greece  
New Zealand  
Vietnam  
Other  
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E7. How much do you currently weigh, without clothes or shoes?  
(Please write an answer in the box provided) 
kg  
  
E8. How tall are you without shoes?  
(Please write an answer in the box provided) 
cm  
  OR 
feet  inches  
 
E9. Which of the following best describes your current daily activities and/or 
responsibilities? (Please select one response only response in each column) 
 Main Activity Other Activity 
(if applicable) 
Working full-time   
Working part-time   
Studying full-time   
Studying part-time   
Casual paid work   
Looking for work   
Home duties   
Other (please specify below)   
   
 
E10. What is your main occupation, if applicable?  
(Please select one response only)  
Manager (e.g. general manager, member of parliament, public relations 
manager, farm manager, school principal, manufacturer)  
 
Professional (e.g. magistrate, accountant, doctor, allied health 
professionals, registered nurse, school teacher, engineer) 
 
Technicians & Trade Worker (e.g. electrician, plumber, mechanic, chef, 
florist, hairdresser, dressmaker, interior decorator, safety inspector) 
 
Community & Personal Service Worker (e.g. ambulance officer, child care 
worker, aged and disabled carers, hospitality workers, flight attendant, 
sportsperson) 
 
Clerical & Administrative Worker (e.g. personal assistants, office 
managers, receptionist, book keeper, courier, library assistant, data entry) 
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Sales Worker (e.g. real estate agent, sales representative, retail 
supervisor, check out operator, telemarketers) 
 
Machinery Operators & Drivers (e.g. machine operators, miners, taxi 
drivers, excavator operators, truck drivers) 
 
Labourers (e.g. cleaners, builders labourer, factory workers, general farm 
hand, kitchen hand, fast food cook) 
 
No paid job  
Student  
Other (please specify below) 
                                                     _____________________________ 
 
 
E11. In the last week, did you do any paid work? 
No  
Yes  
 
E12. In the last week, how many hours did you spend in your paid job(s)?   
(Please select one response only). 
1-15 hours  
16-24 hours  
25-34 hours  
35-40 hours  
41-48 hours  
49 hours or more  
 
E13. How often does your job involve working night or weekend shifts?   
(Please select one response only response on each line). 
 
Never Sometimes Often Always 
Night shifts 
    
f.  Weekend shifts 
    
 
E14. What is the average gross (before tax) income that you receive each week, including 
wages, salary, pensions and allowances?   
(Please select one response only).  
No income  
$1-$119 per week ($1-$6,239 annually)  
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$120-$299 per week ($6,240-$15,999 annually)  
$300-$499 per week ($16,000-$25,999 annually)  
$500-$699 per week ($26,000-$36,999 annually)  
$700-$999 per week ($37,000-$51,999 annually)  
$1,000-$1,499 per week ($52,000-$77,999 annually)  
$1,500 or more per week ($78,000 or more annually)  
Don't know  
Don't want to answer  
 
E15. How many people (including yourself) are dependent on this income?  
(Please select one response only).  
One (self) Two Three Four Five 
Six or 
more 
      
E16. Do you do the main food shopping for your household? 
(If no skip sequence to E17) 
No  
Sometimes  
Yes, usually  
 
E17. About how much do you spend on food shopping each week, including groceries, fruit 
and vegetables, meat and bread products? 
$__________________________________ 
 
E18. In the past 12 months, have any of the following happened due to a shortage of 
money?  (Please select one response only response on each line). 
 
 
Yes No 
Don’t 
know 
Don’t want 
to answer 
You have not been able to pay gas, 
electricity or telephone bills on time? 
    
g. You could not pay the mortgage or 
rent on time?  
    
h. Adults or children have gone without 
meals? 
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i. You have pawned or sold something? 
    
j. You have sought assistance from 
centrelink or community organisation? 
    
k. You had financial limits on the type of 
food you could buy? 
    
You have been unable to heat or cool 
your home? 
    
 
E19. Which of the following best describes your housing or living situation?   
(Please select all that apply) 
Living with parents/family  
Living by myself  
Living with partner/spouse  
Living with flatmates/friends  
Living with children  
Other, please specify below  
E20. How many children (<18 years) live with you?  
(Please select one response only) 
0  
1  
2  
3  
4 or more  
 
E21. How many adults (>18 years) live with you?  
(Please select one response only) 
0  
1  
2  
3  
4 or more  
 
E22. How long have you lived at your current address? 
Years  
Months  
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This is the end of the MEALS Study survey. 
  
Thank you for your time and effort to complete this questionnaire. 
 
We will be in contact within the next few days regarding the next stage of the MEALS 
study.
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Appendix 5C. MEALS study 
– Instructional video 
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SCRIPT FOR FOODNOW INSTRUCTIONAL VIDEO FOR IPHONES 
An instructional video was created for the MEALS 2015 study. This video was 
published to a private YouTube site and was distributed to participants via an 
URL link in an email to the participant. The section below outlines this video 
frame by frame with the text below each frame describing the audio of the 
video.  
Frame 1:  
 
Thank- you for participating in the Deakin University MEALS Study. 
This project will help us understand the meal patterns and eating behaviours of 
Australian adults, assisting in the development of healthy eating messages to 
improve nutrition in this population. 
Frame 2:  
 
First, we will show you how to download the FoodNow app onto your iPhone. 
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Frame 3:  
 
The FoodNow app can be downloaded from the App Store on your iphone. 
Click on the App Store icon on your iPhone. 
Search the App Store for “FoodNow”, remembering to use a capital F and capital 
N and type FoodNow in as one word. 
 
Frame 4: 
 
When you find the FoodNow app click on the ‘Free’ button and then click 
“install”. 
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Frame 5: 
 
You will then be prompted to sign into the iTunes store using your Apple ID 
password. You should notice that the app will now start downloading. 
 
Frame 6:  
 
Click ‘Open’ to open the FoodNow app.  
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Frame 7:  
 
When you first open the FoodNow App, you should see a pop up about push 
notifications. Click ‘Ok’ to enable the push notifications. This is important, as the 
FoodNow app will send you reminders at certain times throughout the study. 
If your phone does not automatically ask you if you would like to accept the 
FoodNow push notifications, you can enable them manually by going into your 
settings. Further instructions for this are available in your instruction booklet. 
Click ‘Next’ to go to the login page. 
 
Frame 8:  
 
Enter your unique username and password, which can be found in the same email 
as this video link. You should only have to login once, at the beginning of the 
study. 
Once you login, you will be taken to the FoodNow App home screen. 
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Frame 9:  
 
We would like you to use the FoodNow app to keep a diary of everything you eat 
and drink over your 4 nominated days. 
The App will ask you to answer a series of questions for each eating/drinking 
occasion on these days.  
For each eating occasion on your 4 nominated days, please use the FoodNow app 
to record all the food and drink you consume. 
Please give us as much detail as you can, as this will help us to better understand 
your meal patterns. 
It is very important that you do not change what you normally eat and drink, as 
we are interested in understanding your everyday eating patterns. 
 
Frame 10:  
 
To enter a new meal or snack, click on the ‘Enter new meal or snack’ button on 
the homepage. 
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This will take you to your 4 nominated days. Select the current day-NEW to begin 
entering a new meal or snack.  
The App will now ask you to answer a series of questions about the 
eating/drinking occasion.   
 
Frame 11:  
 
Firstly, when entering a new meal or snack you will be prompted to take some 
photos. 
You can select ‘capture photo’ to capture the photos on the spot or ‘use existing 
photo’ to upload a photo taken previously from your phones gallery. 
It is preferable that you take at least 2 photos of your meal or snack; one from 45° 
and one from above as shown in these photos.  
Make sure the whole plate, bowl, cup or dish is in the image and that all of the 
foods and/or beverages that are being consumed are visible in the image.  
 
We also need you to include a standard card, such as a myki card or the back of 
your driver licence. This acts as a reference for us and helps us to determine the 
size of your meal. 
You can also take photos of packaging or labels of food to help provide us with 
more detail. This is especially helpful for pre-packaged food and snacks. 
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Frame 12:  
 
Once you have taken/selected the photo you are happy with click ‘upload photo’. 
The app will ask if you would like to upload another photo. Click ‘yes’ to upload 
another image and ‘No’ to continue. 
 
Frame 13:  
 
After taking photos of your food/beverage, the FoodNow app asks you to tell us 
about the food or drink you consumed. The app provides an optional voice 
recording function to help provide as much detail as possible. To record an audio 
file, press start recording and begin to describe your meal/snack . When you have 
finished describing your meal/snack, press stop recording.  
Next, the FoodNow App will ask you to describe your meal/snack in a list format. 
This section is required. 
Please include as much information as possible for your meal/snack, including: 
The brand and full name of products where possible, any additions to the food 
(e.g. fats, oils, sugar/sweetners, sauces, salt etc and cooking methods (for 
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example if it was fried, grilled, roasted etc). Even specifying if the 
product/ingredient is low fat, full fat, salt reduced etc are all very useful  pieces of 
information. 
If you are eating a recipe with a lot of ingredients (e.g. bolognese, stir-fry) please 
describe the main ingredients as best you can. When entering the amount of food 
eaten, please describe the total amount of the mixed dish. For example, for 
spaghetti bolognaise, you would enter - bolognaise sauce and white spaghetti, 
boiled. 
Please refer to the instruction booklet for more help on how to describe different 
foods.  
This photo example shown above shows a ham, cheese and tomato sandwich. You 
can see we have listed each ingredient as a separate food; Food 1, Helgas 
wholemeal grain bread, Food 2 Coon light tasty cheese, Food 3 Shaved Virgina 
ham, Food 4 tomato Food 5 Flora original margarine and Food 6 Tap water. Take 
note that we have not provided amounts of each food as this will be the next 
step. 
 
Frame 14: 
 
You will now be asked to provide information about the amount of food/beverage 
consumed.   
In regard to the sandwich example shown previously. You can see that the food 
items have been auto generated from the previous page and you are required to 
state the amounts consumed. E.g Helgas wholemeal grain bread 2 thick slices, 
coon light tasty cheese 2 thick slices, shaved virginia ham 2 slices, tomato 4 thin 
slices, margarine 2 tsp, water 300 ml. 
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You will notice that you can use a wide range of measurement techniques such as 
spoons, grams, using the weight from packet labels and size, for example a small, 
medium  or large apple. 
 
Frame 15: 
 
Some more tips for entering how much of a food/beverage you have had is to use 
standard cup and spoon measures, using kitchen scales or reporting amounts in 
grams or mL. Use your own best estimates based on the item you are eating or 
drinking. 
You can use a range of measurement techniques however please use techniques 
you feel comfortable with.   
If you drink water from a bottle you can enter this as one entry at the end of the 
day. For example, 2L of tap water, throughout the day. 
A few other points to remember are that: 
You cannot go back and edit previous screens so if you forget to list any items you 
will need to start a new entry. Again, please provide us with as much detail as 
possible. 
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Frame 16: 
 
You will then be asked to enter the time you started eating. You can scroll to 
earlier times if entering a meal from earlier in the day. 
However please note that all meals and snacks must be entered before 11.59pm 
on each recording day! 
 
Frame 17:  
 
The app will now ask you a series of contextual questions about the eating 
occasion. Please select the most appropriate answer and if needed provide details 
in the ‘other’ text box.  
These questions are: 
How would you describe this eating occasion? 
What type of place were you at during this eating occasion? 
Who were you with while eating/drinking? 
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Frame 18: 
 
Some other questions include: 
What were you doing while eating/drinking? 
Where was this food or the main ingredients for the meal purchased from? 
Who purchased the food/ingredients? 
 
Frame 19: 
 
The app will then ask you if the food was homemade. By homemade we mean any 
meal or snack that you have put together or that has required a cooking 
technique to make, or any meal or snack that has not been purchased from a 
shop.  
If your food was homemade you will be asked a few quick questions about this 
homemade food including: 
Who was it made or prepared by? 
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How long did the food take to prepare? 
 
Frame 20: 
 
You will also be asked what method of cooking was used in the preparation of the 
food. 
You have now completed the series of questions in the ‘Enter new meal or snack’ 
section. 
 
Frame 21: 
 
After you finish your meal/ snack you need to complete the post meal questions. 
You can go in and answer these questions as soon as you finish your meal or 
snack.  
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However, you will receive a reminder notification to complete these questions 20 
minutes after you enter a meal or snack. 
 
Frame 22: 
 
To complete the post meal questions, go to the home screen and select ‘complete 
post meal questions’. 
You then select the meal for which you want to answer the post meal questions 
for. 
 
Frame 23: 
 
 
The post meal questions ask whether you ate all the food in the meal/snack. If you 
didn’t eat everything, the app will ask you to how much of the food you didn’t eat.  
The app also gives you the option to take a photo of the left over food. 
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You have now completed the series of questions in the ‘complete post meal 
questions’ section. 
 
Frame 24:  
 
The day after a recording day you need to complete the following day questions. 
You will receive a reminder notification to complete these questions the following 
morning after a recording day. 
 
Frame 25: 
 
To complete the following day questions, go to the home screen and select 
‘following day questions’. 
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These questions refer to the previous day, which was a recording day. 
The first question will ask you if there were any meals, snacks or beverages that 
you forgot to record the day before. 
If you realise at the end of the day that you forgot to enter a meal, snack or 
beverage, please call or email us to let us know. 
 
Frame 26.  
The next question will ask if you did not eat or if you skipped a meal the day 
before. 
Following this, enter what time you woke up and went to sleep on your recording 
day. 
You will then need to answer a question about the amount of food you consumed 
the previous day. 
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Frame 27: 
 
Finally, you will be asked to enter any supplements, vitamins or minerals you may 
have taken on the previous recording day. For example, 2 Osteolin Vitamin D 
Capsules 1000IU. 
You have now completed the series of questions in the ‘following day questions” 
section. 
Frame 28:  
 
Here are a couple of other features in the FoodNow app. 
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Frame 29:  
 
On the home screen you can select ‘Browse meal or snacks’ to have a look at all 
the meals and snacks you have entered. Please note you will not be able to edit 
any of these entries. 
 
Frame 30: 
 
On the home screen there is a frequently asked questions section. It is worth 
reading through this section before your recording days. 
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Frame 31:  
 
If you have any further questions regarding the FoodNow app please contact the 
MEALS study team on (03) 9244 3071 or email us at meals@deakin.edu.au  
 
Once again we would like to thank you for your participation in the MEALS study 
and we hope you enjoy using the FoodNow app. 
 
*The instructional booklet mentioned in this slide can be found in Appendix 3H. 
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Appendix 5D. MEALS study 
– Test-retest results
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Test-Retest Study 
Methods 
Participants were recruited to participate in this study via the social media 
platform Facebook. Targeted advertisements directed participants to an 
online questionnaire where they were screened for eligibility and consented 
to take part in this test-retest study. Participants were required to complete 
two online surveys (qualtrics) two weeks apart. The baseline survey was 
completed at the same time as consent, while the second questionnaire was 
emailed directly to the participant two weeks later.  
Measures 
The online questionnaire contained questions that were created by the 
candidate for use in the MEALS 2015 (Study three) online survey. Two 
questions related to current diets e.g. avoiding foods due to allergies or 
cultural reasons. Five questions related to eating occasion frequency and self-
reported health. The remaining three measures were designed to rank 
determinants of eating occasions; main meal, snacking and meal skipping.  
Data analysis  
Data analysis was conducted using Stata Statistical Software, Release 14 
(Stata Corporation). Descriptive statistics were used to report anthropometric 
characteristics and demographics. Weighted Kappa coefficients were created 
for ordinal categorical data, while Kappa coefficients were created for non-
ordinal categorical data. Cut points used to assess test-retest reliability were 
Poor/Slight (K=0.00-0.20), Fair (K=0.21-0.40), Moderate (K=0.41-0.60), 
Substantial (K=0.61-0.80), Almost perfect (K=0.81-1.00) (567).  
Participant characteristics 
One hundred and twenty-one participants consented and completed the 
baseline survey. Of those 121, 99 (82%) participants completed both the 
baseline survey and the second survey. Average time between surveys was 16 
days. The following characteristics are of the 99 participants who completed 
the online survey at both time points.  
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Ninety-nine young adults (53 female, 46 male) aged 18-30 years (mean age: 
26.33 ± 0.3) from the Melbourne region, Victoria, Australia participated in 
this test-retest study, with recruitment conducted between April and May 
2016 (Table X). 
Participants were predominantly non-smokers, (85%) born in Australia (87%), 
in a relationship (64%) and held a university degree (71%).  
Table 5D.1 Characteristics of the test-retest young adult participants (n=99) 
Characteristic n (s.d.) % 
Mean Age (years ± SD)  26.33 ± 0.3 - 
Sex 
      Female 53 53.5 
      Male 46 46.5 
Mean Height (m ± SD) 1.74 ±  0.1 - 
Mean Weight Visit 1 (kg ± SD) 74.4 ± 15.1 - 
Mean Body mass index (kg/m2  ± SD) 24.5 ± 4.4 - 
Smoker  
       Never smoked 74 75 
       Used to smoke  10 10 
       Occasionally smoke 15 15 
Country of birth 
       Australia 87 88 
       United Kingdom 2 2 
       New Zealand 5 5 
       Other (China, Hong Kong, Malaysia, Philippines, Sweden) 5 5 
Relationship status 
       Single 35 36 
       Committed relationship 39 39 
       De Facto  13 13 
       Married 12 12 
Highest qualification 
       Higher school certificate (Year 12 or equivalent) 19 19 
       Trade/apprenticeship (e.g. hairdresser, chef) 2 2 
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       Certificate/diploma (e.g. childcare, technical) 7 7 
       University degree 46 46 
       Higher University degree (e.g. Graduate Diploma, 
Masters, PhD) 
25 25 
 
Table 5D.2 Test-retest validity of questions related to avoiding foods due to 
allergies or cultural reasons (categorical data).  
Variable Observed 
agreement % 
Expected 
agreement % 
Kappa Standard 
error 
P 
Allergies or 
Intolerance 
87.76 62.99 0.6691 0.1009 0.0000 
Cultural or 
ethical 
reasons 
93.75 76.50 0.7341 0.1004 0.0000 
 
Table 5D.3 Test-retest validity of questions related to eating occasion frequency 
and self-reported health 
Variable Observed 
agreement % 
Expected 
agreement % 
Weighted 
Kappa 
Standard 
error 
P 
Health rating 93.43 78.05 0.7008 0.0673 0.0000 
Eating 
occasions 
per day 
95.56 87.72 0.6380 0.0660 0.0000 
Snacks per 
day  
92.73 80.83 0.6207 0.0630 0.0000 
Breakfast per 
week 
94.95 70.27 0.8301 0.0713 
 
0.0000 
Lunch per 
week  
93.27 82.42 0.6170 0.0685 0.0000 
Dinner per 
week 
95.62 90.65 0.5318 0.0822 0.000 
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Table 5D.4Test-retest validity of a measure designed to rank determinants of 
choosing or preparing a main meal (breakfast, lunch or dinner) 
Variable Observed 
agreement 
% 
Expected 
agreement 
% 
Weighted 
Kappa 
Standard 
error 
P 
Price 82.73 72.40 0.3743 0.0620 0.0000 
Value for money 88.01 75.83 0.5039 0.0643 0.0000 
Protein type (e.g. red 
meat, fish, eggs, 
chicken, tofu) 
84.34 73.09 0.4182 0.0623 0.0000 
Product freshness and 
quality 
85.86 78.52 0.3417 0.0659 0.0000 
Prepared safely (e.g. 
raw meat) 
84.60 71.12 0.4666 0.0705 0.0000 
Presence of allergens 
(e.g. peanuts) 
88.89 72.76 0.5921 0.0758 0.0000 
How long it takes to 
prepare or eat 
84.09 73.38 0.4023 0.0647 0.0000 
Easy to prepare 83.33 73.99 0.3593 0.0652 0.0000 
Taste 85.86 71.69 0.5005 0.0734 0.0000 
Health and nutrition 90.15 78.85 0.5343 0.0650 0.0000 
Personal weight 
control 
88.01 68.94 0.6140 0.0637 0.0000 
Depends on what else 
I have eaten that day 
or week 
79.80 71.21 0.2982 0.0646 0.0000 
Current 
exercise/physical 
activity habits 
83.08 67.85 0.4737 0.0641 0.0000 
Habit or routine 80.30 74.24 0.2354 0.0645 0.0000 
How hungry/full I am 83.59 75.79 0.3221 0.0643 0.0000 
My current mood (e.g. 
happy, sad) 
81.82 66.20 0.4620 0.0659 0.0000 
Cultural or religious 
beliefs 
94.19 86.65 0.5650 0.0777 0.0000 
Choosing vegetarian 
or vegan products 
92.42 74.82 0.6991 0.0742 0.0000 
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Moral reasons (e.g. 
support animal 
welfare) 
87.63 66.55 0.6301 0.0724 0.0000 
Ingredients are 
sourced locally 
86.87 69.18 0.5740 0.0667 
 
0.0000 
Organically produced 88.38 72.39 0.5793 0.0707 0.0000 
Environmentally 
friendly (e.g. 
packaging, food miles) 
88.38 71.80 0.5880 0.0682 0.0000 
Preference of other 
people you are eating 
with 
85.35 71.23 0.4910 0.0646 0.0000 
Suitable for a 
celebration 
78.79 69.51 0.3042 0.0657 0.0000 
Current weather 
conditions 
81.82 71.26 0.3673 0.0677 0.0000 
Availability of 
ingredients 
82.65 74.44 0.3212 0.0665 0.0000 
 
Table 5D.5 Test-retest validity of a measure designed to rank determinants of 
choosing something to eat between main meals (breakfast, lunch or dinner) 
Variable Observed 
agreement 
% 
Expected 
agreement 
% 
Weighted 
Kappa 
Standard 
error 
P 
Price 79.85 66.74 0.3941 0.0658 0.0000 
Value for money 80.30 67.41 0.3957 0.0647 0.0000 
Protein type (e.g. red 
meat, fish, eggs, 
chicken, tofu) 
81.12 64.45 0.4690 0.0691 0.0000 
Product freshness and 
quality 
78.54 66.95 0.3505 0.0623 0.0000 
Prepared safely (e.g. 
raw meat) 
80.05 61.31 0.4844 
 
0.0686 0.0000 
Presence of allergens 
(e.g. peanuts) 
89.14 71.96 0.6127 0.0768 0.0000 
How long it takes to 
prepare or eat 
82.65 73.05 0.3563 0.0652 0.0000 
Easy to prepare 84.95 74.23 0.4158 0.0673 0.0000 
Taste 88.01 76.63 0.4870 0.0685 0.0000 
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Health and nutrition 85.05 67.02 0.5467 0.0678 0.0000 
Personal weight 
control 
84.18 65.03 0.5477 0.0651 0.0000 
Depends on what else 
I have eaten that day 
or week 
80.61 65.78 0.4334 0.0645 0.0000 
Current 
exercise/physical 
activity habits 
83.16 65.99 0.5050 0.0649 0.0000 
Habit or routine 79.08 68.71 0.3316 0.0649 0.0000 
How hungry/full I am 81.89 72.04 0.6523 0.0654 0.0000 
My current mood (e.g. 
happy, sad) 
83.51 64.20 0.5393 0.0667 0.0000 
Cultural or religious 
beliefs 
92.60 87.24 0.4200 0.0737 0.0000 
Choosing vegetarian 
or vegan products 
91.24 77.10 0.6173 0.0794 0.0000 
Moral reasons (e.g. 
support animal 
welfare) 
88.66 69.49 0.6283 0.0765 0.0000 
Ingredients are 
sourced locally 
84.44 68.44 0.5069 0.0701 0.0000 
Organically produced 83.16 74.11 0.3496 0.0731 0.0000 
Environmentally 
friendly (e.g. 
packaging, food miles) 
85.97 70.37 0.5264 0.0707 0.0000 
Preference of other 
people you are eating 
with 
61.50 63.84 -0.0647 0.0701 0.8219 
Suitable for a 
celebration 
77.32 66.85 0.3158 0.0725 0.0000 
Current weather 
conditions 
77.30 65.24 0.3469 0.0696 0.0000 
Availability of 
ingredients 
78.32 64.51 0.3890 0.0674 0.0000 
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Table 5D.6 Test-retest validity of a measure designed to rank determinants of 
skipping the breakfast meal 
Variable Observed 
agreement 
% 
Expected 
agreement 
% 
Weighted 
Kappa 
Standard 
error 
P 
Price 86.46 71.06 0.5321 0.0757 0.0000 
Value for money 85.94 69.65 0.5366 0.0720 0.0000 
Protein type (e.g. red 
meat, fish, eggs, 
chicken, tofu) 
83.51 76.09 0.3101 0.0730 0.0000 
Product freshness and 
quality 
78.87 64.59 0.4032 0.0700 0.0000 
Prepared safely (e.g. 
raw meat) 
78.13 59.08 0.4655 0.0732 0.0000 
Presence of allergens 
(e.g. peanuts) 
91.24 74.70 0.6536 0.0797 0.0000 
How long it takes to 
prepare or eat 
78.87 57.96 0.4973 0.0723 0.0000 
Easy to prepare 77.32 59.54 0.4394 0.0707 0.0000 
Taste 75.35 60.00 0.3882 0.0708 0.0000 
Health and nutrition 75.26 62.52 0.3399 0.0709 0.0000 
Personal weight 
control 
78.35 64.28 0.3939 0.0740 0.0000 
Depends on what else 
I have eaten that day 
or week 
76.29 63.52 0.3500 0.0741 0.0000 
Current 
exercise/physical 
activity habits 
80.15 64.24 0.4451 0.0734 0.0000 
Habit or routine 77.06 60.23 0.4233 0.0716 0.0000 
How hungry/full I am 76.30 57.49 0.4425 0.0726 0.0000 
My current mood (e.g. 
happy, sad) 
78.39 63.43 0.4090 0.0720 0.0000 
Cultural or religious 
beliefs 
92.53 89.30 0.3015 0.0753 0.0000 
Choosing vegetarian 
or vegan products 
95.10 84.43 0.6854 0.0830 0.0000 
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Moral reasons (e.g. 
support animal 
welfare) 
90.72 79.32 0.5513 0.0785 0.0000 
Ingredients are 
sourced locally 
90.53 79.24 0.5438 
 
0.0788 0.0000 
Organically produced 89.58 84.00 0.3492 0.0782 0.0000 
Environmentally 
friendly (e.g. 
packaging, food miles) 
89.47 79.56 0.4851 0.0761 0.0000 
Preference of other 
people you are eating 
with 
81.70 73.00 0.3223 0.0773 0.0000 
Suitable for a 
celebration 
82.99 77.74 0.2356 0.0793 0.0015 
Current weather 
conditions 
80.47 74.59 0.2313 0.0737 0.0009 
Availability of 
ingredients 
77.60 61.66 0.4159 0.0755 0.0000 
 
 
 
